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ZACE2: A HUMAN METALLOENZYME 

5 

TECHNICAL FIELD 

The present invention relates generally to a new protein expressed by 
human cells. In particular, the present invention relates to a novel gene that encodes a 
10 metalloenzyme, designated as ''Zace2,'* and to nucleic add molecules encoding Zace2 
polypeptides. 

BACKGROUND OF THE INVENTION 

Andoten^n-converting «zynie (ACE; peptidyl dipeptidase A; kininase ... ^ * - . 
15 II (EC 3.4.15.1)) is a zinc metallopeptidase that plays roles in blood pressure regulation 
and fertility. ACE is rather nonspecific and cleaves dipeptides ftom a broad range of 
substrates. In geneial^ ACE deaves a C4ermmal dipq>tide "^^^ . - . . r . iVV vc 

^en A is not a proline residue, and B is neither an aspartate nor a glutaznate residue. 
For example, ACE cleaves a single C-tenninal dipeptide ftom angiotensin I to produce 
20 the potent vasopressor angiotensin II, and ACE cleaves the C-termmal dipeptide ftom 
[des-Asp']angiotensin I to produce angiotensin HI. The enzyme also inactivates the 
vasodilatory peptide bradykinin by sequential removal of two C-terminal dipeptides. 
For a general review of angiotensin-converting esaym^ see Corvol ei aL, McOl 
EnzymoL 246'2Xi (1995). Corvol ei aL, J. Hypertension 13(SuppL 5;:S3 (1995), 
25 Jackson and Garrison, ""Renin and Angiotensin,'' in Goodman and Oilman's The 
Pharmaceutical Basis of Therapeutics, 9^^ Edition, Molinoffand Ruddon (eds.), pages 
733-758 (McGraw-Hill 1996), Matsusaka and Ichikawa, Annu. Rev, Physiol 59:395 
(1997), and Zimmerman and Dunham, Armu, Rev, Pharmacol Toxicol 37:53 (1997). 

ACE is a cleavable ectoprotein anchored to the plasma membrane 
30 through a transmembrane domain. The majority of the membrane-bound form is 
extracellularly exposed, and this extracellular domain includes at least one active site. 
A soluble form of ACE circulates in plasma (see, for example. Hooper and Turner, 
Biochem. Soc. Trans., 77:660 (1989)). 

Two ACE isoforms have been identified in manunalian tissues. The 
35 predominant form is referred to as ""sonmtic'* ACE, which has a molecular weight of 
about 150 kD to about 180 kD, and is predominantly found at the surface of vascular 
endothelial cells, epithelial cells, and neuroepithelial cells. The other isoform is 
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referred to as "germinal'* ACE or testis ACE (tACE), which has a molecular weight of 
about 90 kD to about 1 10 kD, and is expressed in post-meiotic cells and sperm. Human 
somatic ACE has two. homologous domains, each comprising a catalytic site and a 
Zn^^-binding region, while human testis ACE contains one catalytic cite. 
5 Inhibitors of angiotensin-converdng enzyme are used for the treatment 

of hypertension of various conditions, including left ventricular systolic dysfunction, 
progressive renal impairment, scleroderma renal crisis, congestive heart &ilure due to 
systolic dysfunction, and treatment of atherosclerosis (see, for example. Brown and 
Vaughan, Circulation P7:141 1 (1998); Mancini, Am. J, Med 105:40S (1998); Paimley, 
10 Anu J. Med 10521S (1998)). There are at least mne ACE inhibitor approved for use 
in the United States. 

inhibitors can be classified into at least th^^' gis;$^ 
sulfhydryl-containing inhibitors structurally related to captopril (e.g., fentiapril, 
pivalopril, zofenopril, alacepril), (2) dicarboxyl-containing inhibitors structurally 
15 related to enalapril (e.g., lisinopril, benazepril, quinapril, moexipril, ramipril, spirapril, 
* perindopril, indolqnril, pentc^ril, indalafHil^ dlazapril),. and (3) phosphorus-csontaming 
inhibitors structurally related to fostnopril. New classes of ACE inhibitors are sought 
that will inhibit ACE and other zinc metalloproteases. Moreover, new types of ACE 
inhibitors are also sought that will selectively inhibit ACE hydrolysis of iST-acetyl-seryl- 
20 aspartyl-lysyl-prolyl (AcSDKP), a regulatory factor in hematopoiesis, without effect on 
angiotensin I or bradykinin metabolism. 

Thus, a continuing need exists for the characterization of new forms of 
zinc metallopeptidases^ and the use of the enzymes to identify thraiqp^cally usefiil 
compounds. 

25 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a novel metallopeptidase, designated 
"Zace2.*' The present invention also provides Zace2 polypeptides and Zace2 fusion 
proteins, as well as nucleic acid molecules encoding such polypeptides and proteins, 
30 and methods for using these nucleic acid molecules and amino acid sequences. 

DETAILED DESCRIPTION OF THE INVENTION 

f . Overview 

A nucleic acid molecule containing a sequence that encodes the human 
35 Zace2 gene has the nucleotide sequence of SEQ ID NO: 1 . This particular human Zace2 
gene encodes a polypeptide of 805 amino acids (SEQ ID NO:2). Features of Zace2 
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include a putative signal sequence comprising Met' through Gln^' of SEQ ID N0:2, and 
a transmembrane domain comprising Val^^' through Ue^^' of SEQ ID N0:2. Zace2 also 
includes a zinc*binding motif that is present in many zinc metalloproteases, and that has 
the sequence: His-Glu-x-x-His, where 'V' is any amino acid (amino acid residues 374 
5 to 378 of SEQ ID N0:2). In this motif, the two histidine residues provide two of the 
three zinc coordinating ligands, and the glutamate residue is the base donor in the 
catalytic reaction. The putative third zinc coordinating ligand of Zace2 is GIu^^. An 
expanded zinc binding region signature of zinc metaliopeptidases has the following 
sequence: [GSTALIVN]-x-x.H-E.[LIVMFYW]-{DEHRKP}-H-x-[LIVMFYW^ 

10 vAiere is any amino acid residue, acceptable amino add residues are listed between 
square brackets, and unacceptable amino acid residues are listed between braces 

V > (PROSimseq^^ PS00L42 of Release 15 0; Bairoch ei al ; Nucleic Acbis Res^^ 
24'J217 (1997)). This signature resides within the Zace2 polypeptide at amino acid 
residues 371 to 380 of SEQ ID N0:2. Zace2 appears to have one catalytic domain, 

15 which is similar to the testicular form of ACE. 

Two murine Tare? sequences were also isolated. One of the foEms. 
' designated as *^nZac6^5,*^ has fte ammo acid sequence of SEQ ID NOriS, and an " 
illustrative nucleotide sequence that encodes the amino acid, sequence is provided by 
SEQ ID NO:5. The amino acid sequmce of the second murine form, "mZac^-lO,^" is 

20 provided by SEQ ID NO:9, while an exemplary nucleotide sequence that encodes the 
mZace2-10 polypeptide is included as SEQ ID NO:8. Amino acid sequence analyses 
revealed that both murine forms share the structural features of the human Zace2 
enzyme, as described above. 

Northern analysis demonstrated the human 2kice2 gene is predominantly 

25 expressed by testicular tissue, ^bile there is less e;q>ression in kidney, thyroid, small 
intestine, colon, heart, and potentially, adrenal tissues. In contrast, little or no 
e3q>ression was observed in tissue samples fiom spleen, thymus, prostate, and ovary. 
These observations show that Zace2 sequences can be used differratiate between 
various tissues. 

30 As described heiein, the present invention provides isolated polypeptides 

comprising an amino acid sequence that is at least 70%, at least 80%, or at least 90% 
identical to a reference amino acid sequence selected from the group consisting of: (a) 
amino acid residues 19 to 805 of a sequence selected from the group consisting of SEQ 
ID N0:2, SEQ ID N0:6, and SEQ ID NO:9, (b) amino acid residues 19 to 738 of a 

35 sequence selected from the group consisting of SEQ ID NO:2, SEQ ID N0:6, and SEQ 
ID N0:9, (c) amino acid residues 19 to 708 of a sequence selected from the group 
consisting of SEQ ID NO:2, SEQ ID N0:6, and SEQ ID NO:9, (d) amino acid residues 



WO00n^0032 



4 



PCT/USOQ/11932 



a sequence selected from the group consisting of SEQ ID NO:2, SEQ ID N0:6, and 
SEQ ID N0:9, (e) amino acid residues 133 to 542 of a sequence selected from the 
group consisting of SEQ ID N0:2, SEQ ID N0:6, and SEQ ID N0:9, (f) amino acid 
residues 344 to 542 of a sequence selected from the group consisting of SEQ ID N0:2, 
5 SEQ ID N0:6, and SEQ ID NO:9, and (g) amino acid residues 371 to 402 of SEQ ID 
N0:2 or SEQ ID N0:6, wherein the isolated polypeptide either (a) specifically binds 
with an antibody that specifically binds with a polypeptide consisting of an amino acid 
sequence selected fix>m the group consisting of SEQ ID N0:2, SEQ ID N0:6, and SEQ 
ID N0:9, or (b) exhibits dipeptidyl carboxypeptidase activity. Such a polypeptide can 

10 be a metallopeptidase. An illustrative polypeptide is a polypeptide that comprises an 
amino add sequence selected from the group consisting of SEQ ID NO:2, SEQ ID 
NO:6, and SEQ ID NO:9. Examples of polypeptides that ha^^ amino and sequences at 
least 80% identical to amino acid residues 19 to 805 of SEQ ID WOr2 include amino-, 
acid residues 19 to 805 of either SEQ ID NO:6 or SEQ ID N0:9. 

15 Additional exemplaiy polypeptides include polypeptides that comprise 

an amino add sequence con^iising tiie motif ''[GSTALIVhq-x-x-H-E-[IIVMFYW}- 
{DEHRKP}.H-x-[LIVMFYWGSPQ],'* where •'x" is any amino add residue, 
acceptable amino acid residues are listed between square brackets, and unacceptable 
amino add residues are listed between Ixaces. For example, an illustrative polypeptide 

20 comprises amino add residues 371 to 380 of SEQ ID NO:2. 

The present invention also provides isolated polypeptides comprising an 
extracellular domain, wherein the extracellular domain comprises amino add residues 
19 to 738 of the amino add sequence of SEQ ID NOiX Sudi polypeptides may further 
comprise a transmembrane domain that resides in a carboxyl-terminal position relative 

25 to the extmcellular domain, wherein the transmembrane domain comprises amino acid 
residues 739 to 761 of SEQ ID NO:2. These polypeptides may also comprise an 
intracellular domain that resides in a carboxyl-terminal position relative to the 
trananembrane domain, wherein the intracellular domain comprises amino acid 
residues 762 to 805 of SEQ ID NO:2, and optionally, a signal secretory sequence that 

30 reddes in an amino-terminal position relative to the extracellular domain, wherem the 
signal secretory sequence comprises amino acid residues 1 to 18 of the amino acid 
sequence of SEQ ID NO:2- 

The present invention also includes variant Zace2 polypeptides, v^erein 
the amino acid sequence of the variant polypeptide shares an identity with the amino 

35 acid sequence of SEQ ID NO:2 selected from the group consisting of at least 70% 
identity, at least 80% identity, at least 90% identity, at least 95% identity, or greater 
than 95% identity, and wherein any difference between the amino acid sequence of the 
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variant polypeptide and the amino acid sequence of SEQ ID N0:2 is due to one or more 
conservative amino acid substitutions. In addition, the present invention contemplates 
isolated polypeptides, consisting of an amino acid sequence selected finom the group 
consisting of: (a) amino acid residues 19 to 805 of SEQ ID NO:2, (b) amino acid 
5 residues 19 to 738 of SEQ ID N0:2, (c) amino acid residues 19 to 708 of SEQ ID 
N0:2, (d) amino acid residues 19 to 613 of SEQ ID NO:2, (e) amino acid residues 133 
to 542 of SEQ ID N0:2, (f) amino acid residues 344 to 542 of SEQ ID N0:2, and (g) 
amino acid residues 371 to 402 of SEQ ID NO:2. 

Additional exemplary polypeptides include polypeptides comprising an 

10 amino acid sequence of 15, 20, or 30 contiguous amino acids of an amino add 

.seqiience selected from the groiq) corisisting of: ainino acid reside -K-^'-it:,^ 
^ f ^^^«i^T^v NO:2, SEQ ID NO:6, or SEQ ID NO:9, amino acid residues^l9 to B8 of SEQ ID^^^^ ^ - i t4i:4^S^ 

N0:2, SEQ ID NO:6, or SEQ ID N0:9, amino acid residues 19 to 708 of SEQ ID 
NO:2, SEQ ID NO:6, or SEQ ID NO:9, amino acid residues 19 to 613 of SEQ ID 

15 N0:2, SEQ ID NO:6, or SEQ ID NO:9, amino acid residues 133 to 542 of SEQ ID 
, : . NO:2,SEQmNO:6»arSEQmNO:9»aminoaddreadues344to542of S^ . 

NO:2. SEQ IDNO:6» orSEQ ID NO:9. and amino acid residues 371 to 402 of dthcr"^ ' * 
SEQ ID NO:2 or SEQ ID NO:6. Additional examples of a Zace2 polypeptide include 
. polypeptides consisting of, or comprising, any of the following amino acid sequences: ^ , 

20 amino add residues 19 to 805 of SEQ ID NO:2, SEQ ID N0:6, or SEQ ID NO:9, ^ 
amino acid residues 19 to 738 of SEQ ID N0:2, SEQ ID NO:6, or SEQ ID N0:9, 
amino add residues 19 to 708 of SEQ ID N0:2, SEQ ID NO:6, or SEQ ID NO:9, 
amino add residues 19 to 613 of SEQ ID NO:2, SEQ ID NO:6, or SEQ ID N0:9, 
amino add residues 133 to 542 of SEQ ID NO:2, SEQ ID NO:6, or SEQ ID NO:9, 

25 amino acid residues 344 to 542 of SEQ ID N0:2, SEQ ID NO:6, or SEQ ID NO:9, and 
amino acid residues 371 to 402 of dther SEQ ID N0:2 or SEQ ID NO:6. 

The present invention further provides antibodies and antibody 
fragments that spedfically bind with such polypeptides. Exemplary antibodies include 
polyclonal antibodies, murine monoclonal antibodies, humanized antibodies derived 

30 from murine monoclonal antibodies, and human monoclonal antibodies. Illustrative 
antibody firagments include F(ab%, F(ab)2, Fab', Fab, Fv, scFv, and minimal recognition 
units. The present invention further includes compositions comprising a carrier and a 
protein, peptide, polypeptide, antibody, or anti-idiotype antibody described hereirL For 
example, the present invention includes pharmaceutical compositions that comprise 

35 such proteins, peptides, polypeptides, antibodies, or antiidiotype antibodies, and a 
pharmaceutically acceptable carrier. 
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The present invention also provides isolated nucleic acid molecules that 
encode a Zace2 polypeptide, wherein the nucleic acid molecule is selected jfrom the 
group consisting of (a) a nucleic acid molecule comprising the nucleotide sequence of 
SEQ ID N0:3» (b) a nucleic acid molecule encoding an amino acid sequence that 
5 comprises amino acid residues 19 to 738 of SEQ ID N0:2, and (c) a nucleic acid 
molecule that remains hybridized following stringent wash conditions to a nucleic acid 
molecule comprising the nucleotide sequence of nucleotides 89-2449 of SEQ ID NO:l, 
or the complement of nucleotides 89-2449 of SEQ ID N0:1 . 

Illustrative nucleic acid molecules include those in which any difference 
10 between the amino acid sequence racoded by the nucleic acid molecule and the 
corresponding amino acid sequence of SEQ ID N0:2 is due to a conservative amino 
V add substitution pies»t invention further contemplates isolated nucleic aurfd ^ 
molecules that comprise a nucleotide sequence of nucleotides 89-2449 of SEQ ID 
N0:1, such as a nucleotide sequence of nucleotides 35-2449 of SEQ ID NO:I. 
15 The present invention also includes vectors and expression vectors 

t - : Goiuprisipg such nucleic acid moleCTiles. Such eaqxession vectors may comprise a 
transcription promoter, and a transcription terminator, \i4ierein tiie pronioter is opeiabty 
linked with the nucleic acid molecule, and wherein the nucleic acid molecule is 
operably Unked with the transcription tenninatpr. The present invration fiirth^ 
20 includes recombinant host cells and recombinant viruses comprising these vectors and 
expression vectors. Illustrative host cells include bacterial, yeast, avian, fungal, insect, 
m a mm al ian , and plant cells. Recombinant host cells comprising such expression 
vectors can be used to produce Zace2 polypeptides by culturing such recombinant host 
cells that comprise the expression vector and that produce the Zace2 protein, and, 
25 optionally, isolating the 2^ac^ protein fix>m the cultured recombinant host cells. 

In addition, the present invention provides phannaceutical compositions 
comprising a pharmaceutically acceptable carrier and at least one of such an expression 
vector or recombinant virus comprising such eiqnression vectors. 

The present invention also contemplates methods for detecting the 
30 presence of Zace2 RNA in a biological sample, comprising the steps of (a) contacting a 
Zace2 nucleic acid probe under hybridizing conditions with either 0) test RNA 
molecules isolated finom the biological sample, or (ii) nucleic acid molecules 
synthesized from the isolated RNA molecules, wherein the probe has a nucleotide 
sequence comprising a portion of the nucleotide sequence of SEQ ID NO:l, or its 
35 complement, and (b) detecting the formation of hybrids of the nucleic acid probe and 
either the test RNA molecules or the synthesized nucleic acid molecules, wherein the 
presence of the hybrids indicates the presence of Zace2 RNA in the biological sample. 
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The present invention further provides methods for detecting the 
presence of Zace2 polypeptide in a biological sample, comprising the steps of: (a) 
contacting the biological sample with an antibody or an antibody fragment that 
specifically binds with a polypeptide consisting of the amino acid sequence of SEQ ID 
5 N0:2^ M^erein the contacting is performed under conditions that allow the binding of 
the antibody or antibody firagment to the biological sample, and (b) detecting any of the 
bound antibody or bound antibody firagment. Such an antibody or antibody fragment 
may further comprise a detectable label selected fiom the gn>iq> consisting of 
radioisotope, fluorescent label, chemiluminescent label, em^e label, bioluminescent 

10 label, and colloidal gold. 

The presmt invention also provides kits for performing these detection 
methods. For example, a kit for detection of Zacel gene expression may comprise a ' 
container that comprises a nucleic acid molecule, wherein the nucleic acid molecule is 
selected from the group consisting of (a) a nucleic acid molecule comprising the 

15 nucleotide sequence of nucleotides 89 to 2449 of SEQ ID NO:l, (b) a nucleic acid 
molecule conqmsing tiie compl^tient of nucleotides 89 to 2449 of die nucleotide 
sequence of SEQ ID N0:1, (c) a nucleic acid molecule that is a firagment of (a) 
consisting of at least eight nucleotides, and (d) a nucleic acid molecule that is a 
fragment of (b) consisting of at least dght nucleotides, Sucha kitmay alsoconqnisea 

20 second container tkit comprises one or more reagents csqiable of indicating tfie 
presence of the nucleic acid molecule. On the other hand, a kit for detection of Zac^ 
protein may comprise a container that comprises an antibocfy, or an antibocfy firagment. • 
that qpecificaUy binds with a polypeptide consisting of the amino add seqi»^ 
IDNO:2. 

25 The present invention also contemplates anti-idiotype antibodies, or anti- 

idiotype antibody fi:agmrats, that specifically bind an antibody or antibody fi:agment 
that specifically binds a polypeptide consisting of the amino acid sequence of SEQ ID 
N0:2, herein the anti-idiotype antibody, or anti*idiotype antibody firagment, possesses 
dipeptidyl carboxypeptidase activity. 

30 The present invention also provides isolated nucleic acid molecules 

comprising a nucleotide sequence that encodes a Zace2 secretion signal sequence and a 
nucleotide sequence that encodes a biologically active polypq)tide, wherein the Zace2 
secretion signal sequence comprises an amino acid sequence of residues 1 to 18 of SEQ 
ID N0:2. Illustrative biologically active polypeptides include Factor Vila, proinsulin, 

35 insulin, follicle stimulating hormone, tissue type plasminogen activator, tumor necrosis 
factor, interleukin, colony stimulating factor, interferon, erythropoietin, and 
thrombopoietin. Moreover, the present invention provides fusion proteins comprising a 



wo 00/70032 PCTAJSOO/l 1932 



Zace2 secretion signal sequence and a polypeptide, wherein the Zace2 secretion signal 
sequence comprises an amino acid sequence of residues 1 to 1 8 of SEQ ID NO:2. 

The present mvention further includes methods for decreasing 
inflammation in a subject, comprising the administration of Zace2 or a Zace2 analog, 
5 M^erein the treatment decreases, in the subject, at least one of vasodilation or serum 
bradykinin leveL For example, such methods can be used to treat a subject when the 
inflammation is associated with a condition such as inflammatory bowel disease, 
arthritis, and enterocolitis. 

According to the present invention, the Zace2 or Zace2 analog can be 
10 administered as a phatniaceutical composition that comprises a Zace2 or Zace2 analog 
polyp^tide and a pharmaceutically acceptable carrier. Suitable pharmaceutical . 
'^'^^-^^^^^^^^^^ form selected from the gtmip fifm<a<:ffy)g <if v . W^^ '^^'M 

liquid form^ solid form, and aerosol form. Zacc2, or an analog, can be a recombinant 
polypeptide or a polypqitide isolated from a natund source/ A su^ 
15 analog, polypeptide can further comprise a water-soluble polymer, wherein the wat^- 
- f ^ . . soluble polymer .is coiyugated to . the polypeptide. For exaiKq>le» the water-soluble • .^^^.Xi.:.^^:^ 

- polymer can be polyedi^ene^hfcol. ^ *^ ^.v^-^^^---.-^. v. ^ ^ . ,.>.^ 

Zace2 or a Zace2 analog can also be administered as a pharmaceutical 
composition that comprises a nucleic acid molecule encoding Zace2 or an. analog. 
20 Moreover, the pharmaceutica] composition can comprise at least one of an expression 
vector that comprises the nucleic acid molecule or a recombinant virus that comprises 
the expression vector. 

The present invention also includes murine Zace2 polypeptides, variant 
murine Zace2 polypeptides, nucleic acid molecules encoding such polypeptides, 
25 expression vectcnrs and recombinant host cells comprising such nucleic acid molecules, 
and murine Zace2 antibodies and anti-idiotype antibodies. The present invention also 
includes compositions and kits comprising murine Zace2 polypq)tides and nucleic acid 
molecules. 

The present invention also provides polypq)tides comprising at least 25 
30 contiguous amino acid residues of the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:6, or SEQ ID N0:9. Illustrative polypeptides include polypeptides comprising at 
least 50, at least 100, at least 200, or at least 300 amino acid residues of the amino acid 
sequence of SEQ ID NO:2, SEQ ID N0:6, or SEQ ID NO:9. The present invention 
further includes nucleic acid molecules that encode such polypeptides. 
35 The present invention further provides fusion proteins comprising a 

Zace2 moiety and a cell recognition moiety. Suitable cell recognition moieties include 
receptor ligands, antibodies, and antibody fragmmts. Other types of fusion proteins 
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include a Zace2 moiety and an immunoglobulin heavy chain constant region, such as a 
human F^^ firagment. The prcsent invention further includes isolated nucleic acid 
molecules that encode such fusion proteins. 

5 These and other aspects of the invention will become evident upon 

reference to the following detailed description. In addition, various references are 
identified below. 

Z Definitions 

10 In the description that follows, a.nimiber of terms are used extensively. 

V V The following definitions areprqvided to fidlitate understanding of tfie invention. : > 

AXt^vx^. : ^ herein, «iniddc 3^ *^ucleic acid moltoile^ refere to^ 

polynucleotides, such as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), 

15 , oligonucleotides^ fitagments generated by the polymerase diain reaction ^CRX and 
fiagments goieiated by any of ligation, sdssion, endonudease action, and exonuclease 
action. Nucleic acid molecules can be composed of monomers that are naturally- 
occurring nucleotides (such as DNA and RNA), or analogs of naturally-occurring 
nucleotides (e.g., a-enantiomeric forms of naturally-occurring nucleotides), or a 

20 combination of both. Modified nucleotides can have alterations in sugar moieties 
and/or in pyrimidine or purine base moieties. Sugar modifications include, for 
example, rq[)lacemeni of one or more faydroxyl groups with halogons, alkyl gioiq)s, 
amines, and azido groups, or sugars can be fimctionalized as ethers or esters. 
Moreover, the entire sugar moiety can be replaced with sterically and electronically 

25 similar structures, such as aza-sugars and carbocyclic sugar analogs. Examples of 
modifications in a base moiety include alkylated purines and pyrimidines, acylated 
purines or pyrimidines, or other well-known heterocyclic substitutes. Nucleic acid 
monomers can be linked by phosphodiester bonds or analogs of such linkages. Analogs 
of phosphodiester linkages include phosphorothioate, phosphorodithioate, 

30 phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate, 
phosphoramidate, and the like. The term "nucleic acid molecule'' also includes so- 
called "peptide nucleic acids,** which comprise naturally-occurring or modified nucleic 
acid bases attached to a polyamide backbone. Nucleic acids can be either single 
stranded or double stranded. 

35 The term "complement of a nucleic acid molecule** refers to a nucleic 

acid molecule having a complementary nucleotide sequence and reverse orientation as 
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compared to a reference nucleotide sequence. For example, the sequence S' 
ATGCACGGG 3' is convlementaiy to 5' CCCGTGCAT 3*. 

The term ''contig*' denotes a nucleic acid molecule that has a contiguous 
stretch of identical or complementary sequence to another nucleic acid molecule. 
5 Contiguous sequences are said to "^ov^lap"' a given stretch of a nucleic acid molecule 
either in their entirety or along a partial stretch of the nucleic acid molecule. 

The term ""degenerate nucleotide sequence'' denotes a sequence of 
nucleotides that includes one or more degenerate codons as compared to a reference 
nucleic acid molecule that encodes a polypeptide. Degenerate codons contain different 
10 triplets of nucleotides^ but encode the same amino acid residue (i.e., GAU and GAC . 

triplets each encode Asp). . 
^ ... -.m^.^^.^jY^ ^term ^•"irtnictu^ gene^^ "refers to a^^nudeic acid mdecule • that' fe^^'^^^^^ ^^^^a^-^^ 
transcribed into messenger RNA (mRNA), which is then translated into a sequence of 
amino acids characteristic of a Specific polypeptide. 
IS An "Isolated nucleic acid molecule** is a nucleic acid molecule that is not 

integrated in the genomic DNA of an organism. For exanqile, a DNA molecule that ^ ^ ^ ^--^^i^ 

* encodes a growth fktor that has been ^parated fro w . *> .5v.3 

isolated DNA molecule. Another example of an isolated nucleic acid molecule is a 
diemically-^thesLzed nucldc add molecule that is not integrated in the genome of 
20 organism. A nucleic add molecule that has been isolated from a particular species is 
smaller than the complete DNA molecule of a chromosome &om that species. 

A ""nucldc add molecule con^ruct** is a nucleic add molecule, dther 
single- or double-stranded, that has been modified through human intervention to 
contain segments of nucldc add combined and juxtaposed in an arrangement not 
25 existing in nature. 

""Linear DNA" denotes non-circular DNA molecules having fi^ S' and 
3' rads. Linear DNA can be prepared finom closed circular DNA molecules^ such as 
plasmids, by enzymatic digestion or physical disruption. 

"X^mplementaiy DNA (cDNA)" is a single-stranded DNA molecule that 
30 is formed fiom an mRNA taiq)late by the eoTyme reverse transoiptase. Typically, a 
primer conq)lementaiy to portions of mRNA is employed for the initiation of reverse 
transcription. Those skilled in the art also use the term ""cDNA** to refer to a double- 
stranded DNA molecule consisting of such a single-stranded DNA molecule and its 
complementary DNA strand. The term ""cDNA** also refers to a clone of a cDNA 
35 molecule synthesized fiom an RNA template. 

A ""promoter"' is a nucleotide seqiience that directs the transcription of a 
structural gene. Typically, a promoter is located in the 5* non-coding region of a gene, 
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proximal to the transcriptional start site of a structural gene. Sequence elements within 
promoters that function in the initiation of transcription are often characterized by 
consensus nucleotide sequences. These promoter elements include RNA polymerase 
binding sites, TATA sequences, CAAT sequences, differentiation-specific elements 
5 (DSEs; McGehee et al., Mol Endocrinol 7:55\ (1993)), cyclic AMP response 
elements (CREs), serum response elements (SREs; Treisman, Seminars in Cancer Biol. 
1:47 (1990)), glucocorticoid response elements (GREs), and binding sites for other 
transcription factors, such as CRE/ATF (CKReilly et al, 7. Biol Chem. 257:19938 
(1992)), AP2 (Ye et a/., J. Biol Chem. 2692512% (1994)), SPl, cAMP response 
10 element binding protein (CREB;Ix)eken, Gene £g?r.J:253(1993)> 

(see, in graeral, Watson et al, eds.. Molecular Biology of the Gene, 4th ed (The 
Benjandii/Qinaniings Publishing Company, Inc. 1987), and Lcmsagjrc and Rous^u, 
BiochenL J, 303:1 (1994)). If a promoter is an inducible promoter, thai the rate of 
transcription increases in response to an inducing agent. In contrast, the rate of 

15 transcription is not regulated by an inducing agent if the promoter is a constitutive 
' pnHncrter. Re^ffessiMejHmic^rs are also known. ^ ^ - , 

A ''core promoter** contains essential nucleotide sequenc^ for promoter 
function, including the TATA box and start of transcription. By this definition, a core 
^ lamnoler may or may not have detectable activiQr in the absoice of specific sequences 

20 that may enhance the activity or confer tissue specific activity. 

A 'Yegulatory element" is a nucleotide sequence that modulates the 
activity of a core prranoter. For exanq>l&, a regulatory element may contain a 
nucleotide sequence that binds with cellular factors cabling transcription exclusively 
or preferentially in particular cells, tissues, or organelles. These types of regulatory 

25 elements are normally associated with genes that are expressed in a "cell-specific,** 
"tissue-specific,** or "organelle-specific** maimer. 

An ""oihancer** is a type of regulatory element that can increase the 
efficiency of transaiption, regardless of the distance or orientation of the enhancer 
relative to the start dte of transcripticm. 

30 "^Heterologous DNA** refers to a DNA molecule, or a population of 

DNA molecules, that does not exist naturally within a given host cell. DNA molecules 
heterologous to a particular host cell may contain DNA derived from the host cell 
species (i,e., endogenous DNA) so long as that host DNA is combined witfi iK>n-host 
DNA (i.e., exogenous DNA). For example, a DNA molecule containing a non-host 

35 DNA segment encoding a polypeptide operably linked to a host DNA segment 
comprising a transcription promoter is considered to be a heterologous DNA molecule. 
Conversely, a heterologous DNA molecule can comprise an endogenous gene operably 
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linked with an exogenous promoter. As another illustration, a DNA molecule 
comprising a gene derived from a wild-type cell is considered to be heterologous DNA 
if that DNA molecule is introduced into a mutant cell that lacks the wild-type gene. 

A ''polypeptide** is a polymer of amino acid residues joined by peptide 
5 bonds, >^ether produced naturally or synthetically. Polypeptides of less than about 10 
amino acid residues are commonly referred to as "'peptides.** 

A "'protein** is a macromolecule comprising one or more polypeptide 
chains. A protein may also comprise non-peptidic components, such as carbohydrate 
groups. Carbohydrates and other non-peptidic substituents may be added to a protein 
10 by the cell in ^^ch the protein is produced and will vary with &e type of cell* 
. . Protein are defined hareia . in t^ms of their amino add backbone structures; nr- ^ r 

v^-^^ -^^^ sudi as carbohydrate jpoups are gene^^ ^ r >^}*^ 

nonetheless. 

A peptide or polypeptide encoded by a non-host DNA molecule is a 
15 ""heterologous** pqitide or polypeptide. 
. w . . All ^integrated genetic etement** is a segment of DNA Aat has been j - .^^^ v ■'^■..v^ 
- -V into a diromosomr of a host ceD after that element is introduced into the ^ * ' - ^ ^isw^ 

cell through human manipulatioiL AK^thin the present invention, integrated genetic 
. ^ elemrats are most commonly derived fix)m linearized plasmids that are introduced into . . i> .% ; ^ . v^^^^^^ 
20 the cells by electroporation or other techniques. Integrated genetic elements are passed 
fiom the original host cell to its progeny. 

A ""cloiiing vector^ is a iiucldc add molecule, such as a plasniid, cosniid, . - /, 

or bacteri(^riiage, has tfie capalnlity of replicatmg autonomously in a host cell. 
Cloning vectors typically contain one or a small number of restriction endonuclease 
25 recognition sites that allow insertion of a nucleic add molecule in a determinable fashion 
without loss of an essential biological function of the vector, as weD as nucleotide 
sequences encoding a marker gene that is suitable for use in the idoitification and 
selection of cells transformed with the doning vector. Marker genes typically include 
^nes that provide tetraqrdine resistance or anq[>icillin resistaiice. 
30 An ""eiqiiession vector^ is a nucleic acid molecule encoding a gene that is 

expressed in a host cell. Typically, an expression vector comimses a transcription 
promoter, a gene, and a transcription temiinator. Gene expression is usually placed under 
the control of a promoter, and such a gene is said to be "operably linked to** the promoter. 
Similariy, a regulatory element and a core promoter are operably linked if the regulatory 
35 element modulates the activity of the core promoter. 

A "'recombinant host** is a cell that contains a heterologous nucleic acid 
molecule, such as a cloning vector or expression vector. In the present context, an 
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example of a recombinant host is a cell that produces Zace2 from an expression vector. 
In contrast, Zace2 can be produced by a cell that is a "natural source" of Zace2, and that 
lacks an expression vector. 

^Integrative transformants'" are recombinant host cells, in which 
5 heterologous DNA has become integrated into the genomic DNA of the cells. 

A "'fusion protem*' is a hybrid protein expressed by a nucleic acid 
molecule comprising nucleotide sequences of at least two genes. For example, a fusion 
protein can comprise at least part of a Zace2 polypeptide fused with a polypeptide that 
binds an aflBnity matrix. Such a fusion protein provides a means to isolate large 
10 quantities of Zace2 using affinity chromatognqdiy. 

The term "ifeceptor^ denotes a cell-assodated protein that binds to a 
bioactive molecule termed a "ligand.** This interaction mediaJtes the effect of the ligand 
^ on the cell. Re»cqpto^^ can te men^bo^ cytosolic or nuclear; monomeric (e.g., 

thyroid stimulating hormone receptor, beta-adrenergic receptor) or multimeric (e.g., 
15 PDGF receptor, growth hormone receptor, IL-3 receptor, GM-CSF receptor, G-CSF 
receptor, erjrdiropoietin receptor and IL-6 recq)tor). Membrane-boimd receptors arc ' 
characterized by a multi-domain structure comprising an extracellular ligand-binding 
domain and an intracellular effector domain that is typically involved in signal 
transductioii. In certain memfarane-bound receptors^ the extracellular ligand-binding 
20 domain and the intracellular effector domain arc located in separate polypeptides that 
comprise the complete functional receptor. 

In general^ the binding of ligand to recqytor results in a conformatioiial 
change in the receptor that causes an interaction between the effector domain and other 
molecule(s) in the cell, which in turn leads to an alteration in the metabolism of the cell. 
25 Metabolic events that arc often linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, increases in cyclic AMP production, 
mobilization of cellular calcium, mobilization of membrane lipids, cell adhesion, 
hydrolysis of inositol lipids and hydrolysis of phospholipids. 

The term "^secretory signal sequence** dmotes a DNA sequence that 
30 encodes a pq>tide (a ""seoretory pqptide'O that, as a component of a larger polypeptide, 
directs the larger polypeptide through a secretory padiway of a cell in which it is 
synthesized. The larger polypeptide is conunonly cleaved to remove the secretory 
peptide during transit through the secretory pathway. 

An ""isolated polypeptide'' is a polypeptide that is essentially free from 
35 contaminating cellular components, such as carbohydrate, lipid, or other proteiiuiceous 
impurities associated with the polypeptide in nature. Typically, a preparation of isolated 
polypeptide contains the polypeptide in a highly purified form, Le., at least about 80% 
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pure, at least about 90% pure, at least about 95% pure, greater than 95% pure, or greater 
than 99% pure. One way to show that a particular protein preparation contains an 
isolated polypeptide is by the appearance of a single band following sodium dodecyl 
sulfate (SDS)-polyaciylaniide gel electrophoresis of the protein preparation and 
5 Coomassie Brilliant Blue staining of the gel. However, the term ''isolated*" does not 
exclude the presence of the same polypq>tide in alternative physical forms, such as 
dimers or alternatively glycosylated or derivatized forms. 

The terms ''amino-terminar and ""carboxyl-terminal" are used herein to 
denote positions within polypeptides. Where the context allows, these terms are used 
10 with refermce to a particular seqiience or portion of a polypqytide to dwoteproxim 

or relative position. For example, a certain seqiience positioned carboxyl-tennii^ ^ - — 

: V .^^^.r i^^^^ seqircnce widiin a polypqitide is located proxnnal to the carbo^^I terminus of - - -^v .i^v 

the reference sequence, but is not necessarily at the carboxyl terminus of the complete 
polypeptide. 

15 The tenii ''e}qnressi(Hi'' refers to the biosynthesis of a gene product For 

example, in the case of a structural gene, expiesaon involves tiansciqytiQii of the 
stnictural gene mtomRNA and Ae translation ofndlNA into one or ' " ' ■ 

The term '^splice variant** is used herein to denote alternative forms of 
RNA transoibed fiom a gene. Splice variation arises naturally through use of . 

20 alternative splicing sites within a transcribed RNA molecule, or less commonly 
between separately transcribed RNA molecules, and may resiilt in several mRNAs 
transoribed firom the same gene. Splice variants may encode polypeptides having 
altered ammo add sequeiK:e. The term splice variant is also tised herein to denote a 
polypq>tide encoded by a splice variant of an mIO«JA transcribed firom a ga!ie. 

25 As used herein, the term ''inmfiunomodulator" includes cytokines, stem 

cell growth fectors, lymphotoxins, co-stimulatory molecules, hematopoietic &ctors, and 
synthetic analogs of these molecules. 

The tmn ""complement/anti-complement pair** dmotes non-id»tical 
moieties that form a non-covalently associated, stable pair under apinopriate conditions. 

30 For instance, biotin and avidin (or streptavidin) are prototypical members of a 
complement/anti-complement pair. Other exemplary complement/anti-complement 
pairs include receptor/ligand pairs, antibody/antigen (or hapten or epitope) pairs, 
sense/antisense polynucleotide pairs, and the like. Where subsequent dissociation of 
the complement/anti-complement pair is desirable, the complement/anti-complement 

35 pair preferably has a binding affinity of less than 1 0' M ^ 

An "anti-idiotype antibody" is an antibody that binds with the variable 
region domain of an immunoglobulin. In the present context an anti-idiotype antibody 
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binds with the variable region of an anti-Zace2 antibody, and thus, an anti-idiotype 
antibody mimics an epitope of Zace2. 

An "antibody fragment" is a portion of an antibody such as F(ab%, F(ab)2, 
Fab', Fab, and the like. Regardless of structure, an antibody fragment binds with the same 
5 antigen that is recognized by the intact antibody. For example, an anti-Zac^ monoclonal 
antibody fragment buids with an epitope of Zace2. 

The tenn ''antibody fragment" also includes a syntfietic or a genetically 
engineered polypeptide that binds to a specific antigen, such as polypeptides consisting of 
the light chain variable region, *W fragments consisting of the variable regions of the 
10 heavy and light chams, recombmant single chain polypeptide molecules in which light ■ - - 

and heavy variable r^ons are connected by a pqjtide linker ("scFv protdns'^ and --,7-: :^<-.:-^t-^-f 

^voi7 recognition units omsistii^ of tiie amino ^sdd r^^ ^ - r ^ ^ 

hypervariable region. 

A "chimeric antibody" is a recombinant protein that contains the variable 
15 domains and cmnplementaiy deteraoining regions derived from a rodent antibody, while 
t.A .r;^; V d^remainderoftfaeai^^ ^ ■■■■\::<'-''- -^^ ■,:->^::^:'=-^^'-:^f^ 

" * *^Iumanized antibodies" are recombinant proteins in \^ch murine " ' ^ 

ccMnplemoitarity d^ermining r^ons of a monoclonal antibody have been transferred 
from heavy and light variable chains of the murine immunoglobulin into a human ^ , . - > 
20 variable domain. 

As used herein, a *'therapeutic agent" is a molecule or atom, which is 
conjugated to an antibody moiety to produce a coqugate, which is useM for therapy. 
Examples of therapeutic agents include drugs, toxins^ immunomodulators, chelators^ 
boron compounds, photoactive agents or dyes, and radioisotopes. 
25 A "detectable label" is a molecule or atom, which can be conjugated to 

an antibody moiety to produce a molecule usefiil for diagnosis. Examples of detectable 
labels include chelators, photoactive agents, radioisotopes, fluorescent agents, 
paramagnetic ions, or other maiker moieties. 

The term "affinity tag" is used herem to denote a polypeptide segment 
30 that can be attached to a second polypeptide to provide for purification or detection of 
the second polypeptide or provide sites for attachment of the second polypeptide to a 
substrate. In principal, any peptide or protein for which an antibody or other specific 
binding agent is available can be used as an affinity tag. Affinity tags include a poly- 
histidine tract, protein A (Nilsson et al, EMBO J, 4:1075 (1985); Nilsson et al, 
35 Methods Enzymol 198:2 (1991)), glutathione S transferase (Smith and Johnson, Gene 
67:31 (1988)), Glu-Glu affinity tag (Grussenmeyer et al, Proc, Natl Acad Sci. USA 
82:7952 (1985)), substance P, FLAG peptide (Hopp et al. Biotechnology tf:1204 
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(1988)), streptavidin binding peptide, or other antigenic epitope or binding domain. 

See, in general, Ford et al. Protein Expression and Purification 2:95 (1991). DNA 

molecules encoding affinity tags are available fix>m conmiercial suppliers {e.g„ 

Phannacia Biotech, Piscataway, NJ). 
S A "'naked antibody" is an entire antibody, as opposed to an antibody 

fiagment, which is not conjugated with a therapeutic agent Naked antibodies include 

both polyclonal and monoclonal antibodies, as well as certain recombinant antibodies, 

such as chimeric and humanized antibodies. 

As used herein, the term "antibody component" includes both an entire 
10 antibody and an antibody fragment 

. An "^immunoconjugate" is a coqugate of an antibody component with a ^^^^ ^^ 

^^ ^".-v^?ifiit^^^ "v^^^- '^ther^)eulic agent or actetectable hbA: "^-'--'^^ - ' ■-^^^■''-^-^i ---^ <-^*«^-t^ . ■• ' 

As used herein, the tern ''antibody fusion protein" refers to a 
recombinant molecule that comprises an antibody component and a Zace2 polypeptide 
15 component An example of an antibody fusion protein is a protein that comprises a 
^'■<^.}:^?r^.-^:. . ^ • Zac^ catalytic donsain and either an Fc doniain or an antig - y-:- S'^'^-^i^:- :''\'-^:('- ^ -y'^^^'i 

A *taiget pofypeptide** or a ^target peptide** is an amino add ^ v. . . 

that comprises at least one epitope, and that is expressed on a target cell, such as a 
tumor cell, or a cell that carries an infectious agent antigen. T cells recognize peptide 
20 epitopes presented by a m^or histocompatibility complex molecule to a target 
polypeptide or target peptide and typically lyse the target cell or reouit other immune 
cells to the site of the target cell, thereby killing the target celL 

An ''antigenic peptide** is a peptide, M*dch will bind a major 
histocompatibility complex molecule to form an NfHC-peptide complex, which is 
25 recognized by a T cell, thereby inducing a cytotoxic lymphocyte response upon 
presentation to the T cell. Thus, antigenic peptides are capable of binding to an 
q[>pn>priate mqor histocompatibility complex molecule and inducing a (Ototoxic T 
cells response, such as cell lysis or specific cytokine release against the target cell, 
which binds or e^qpresses the antigen. The antigenic peptide can be bound in the 
30 context of a clau 1 or class II major histocompatibility complex molecule, on an 
antigen presenting cell or on a target cell. 

In eukaryotes, RNA polymerase II catalyzes the transcription of a 
structural gene to produce mRNA. A nucleic acid molecule can be designed to contain 
an RNA polymerase 11 template in which the RNA transcript has a sequence that is 
35 complementary to that of a specific mRNA. The RNA transcript is termed an "anti- 
sense RNA" and a nucleic acid molecule that encodes the anti-sense RNA is termed an 
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anti-sense gene."' Anti-sense RNA molecules are capable of binding to mRNA 
molecules, resulting in an inhibition of mRNA translation. 

An ''anti-sense oligonucleotide specific for Zace2" or a "Zace2 anti- 
sense oligonucleotide" is an oligonucleotide comprising a nucleotide sequence (a) 
5 capable of forming a stable triplex with a portion of the Zace2 gene, or (b) capable of 
forming a stable duplex with a portion of an mRNA transcript of the Zacel gene. 

A ''ribozyme'' is a nucleic acid molecule that contains a catalytic center. 
The term includes RNA emgones, self-splicing RNAs, self-cleaving RNAs, and nucleic 
acid molecules that perform these catalytic functions. A nucleic acid molecule that 
10 encodes a ribozyme is termed a "^bozyme gene.^ 

An "'external guide sequau:e^ is a nucleic add molecule that directs the ^ • 

in the cleavage of the mRNA by RNase P. A nucleic acid molecule that encodes an . . . 

external guide sequence is termed an "external guide sequence gene.** 
15 The term "human variant Zacel gene" refers to nucleic acid molecules 

= , -^ftal CTcode a polypeptide co^ ^ 
SEQ ID NO:2. Such variants include naturally-occurring polymorphisms of Zacel 
genes, as well as synthetic genes that contain conservative amino acid substitutions of 
the amino acid sequence of SEQ ID NO:2. Additional variant forms of 2ace2 genes are 
20 nucleic add molecules that contain insertions or deletions of the nucleotide sequences 
described herein. A variant Zacel gene can be identified by determining wAiether the 
gene hybridizes with a nucldc add molecule having the nudeotide gMpier»c<r of SEQ 
ID NO: 1» or its complement, under stringent conditions. 

Similarly, the tain "variant murine Zacel gene" refCTs to nucldc add 
25 molecules that encode a polypeptide having an amino acid sequence that is a 
modification of SEQ ID NO:6 or 9. A variant murine Zacel gene can be identified by 
determining wheth^ the gene hybridizes with a nucleic acid molecule having the 
nucleotide sequence of SEQ ID NOs: 5 or 8, or a complement thereof, under stringent 
conditions. 

30 Alternatively, variant Zacel genes can be identified by sequence 

comparison. Two amino acid sequences have '*100% amino acid sequence identity" if 
the amino acid residues of the two amino acid sequences are the same when aligned for 
maximal correspondence. Similarly, two nucleotide sequences have **100% nucleotide 
sequence identity" if the nucleotide residues of the two nucleotide sequences are the 

35 same when aligned for maximal correspondence. Sequence comparisons can be 
performed using standard software programs such as those included in the 
LASERGENE bioinformatics computing suite, which is produced by DNASTAR 
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(Madison, Wisconsin). Other methods for comparing two nucleotide or amino acid 
sequences by determining optimal alignment are well-known to those of skill in the art 
(see, for example, Peruski and Peruski, The Internet and the New Biology: Tools for 
Genomic and Molecular Research (ASM Press, Inc. 1997), Wu et al (eds.), 
"'Information Superhighway and Computer Databases of Nucleic Acids and Proteins," 
in Methods in Gene Biotechnology^ pages 123-lSl (CRC Press, Inc. 1997), and Bishop 
(ed). Guide to Human Genome Computings 2nd Edition (Academic Press, Inc. 1998)). 
Particular methods for determining sequence identity are described below. 

Regardless of the particular method used to identify a variant Zacel gene 
or variant Zace2 polypeptide, a variant gene or polypeptide encoded by a variant gene 
may be functionally characterized the ability to bind specifically to an anti->Zace2 
antibody or by the dipepticbse (e^; (lipqptidyl carboxypeptidase)^^ of the vmsmt 
Zace2 polypeptide. 

The term "allelic variant** is used herein to denote any of two or more 
alternative forms of a gene occupying the same chromosomal locus. Allelic variation 
arises naturally timmg^ mutation, and may result in phenotypic polymorphism wiAin 
populations. Gene nmtations can be silent (no change in the encoded polypeptide) or 
may encode polypq)tides having altered amino acid sequence. The term allelic variant 
is also used herein to denote a protein encoded by an allelic variant of a gene. 

The term "^ortholog" denotes a polypeptide or protein obtained fifom one 
species that is the functional counterpart of a polypeptide or protein from a different 
species. Sequence differences among orthologs are the result of qpedatiorL 

"Paralogs** are distinct but structurally related proteins made by an 
organism. Paralcgs are believed to arise through gene duplication. For example, a- 
globin, p-globin, and myoglobin are paralogs of each other. 

The present invention includes functional fragments of Zace2 genes. 
\K^thin the context of this invention, a "Afunctional fragment** of a Zace2 gene refers to a 
nucleic acid molecule that encodes a portion of a Zace2 polypeptide, which either has 
peptidyl dipeptidase activity or specifically binds with an anti-Zace2 antibody. For 
example, a functional fragment of a Zace2 gene comprises a portion of the nucleotide 
sequence of SEQ ID NO: 1 , and encodes a polypeptide that binds with a Zace2*specific 
antibody. 

The term "dipeptidyl peptidase'* refers to an enzyme that cleaves 
dipeptides from the amino terminus of a polypeptide, whereas the term ""dipeptidyl 
carboxypeptidase" refers to an enzyme that cleaves dipeptides from the carboxyl 
terminus of a polypeptide. 
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A ''metailopeptidase'' is a peptide hydrolase, which uses a metal in the 
catalytic mechanism. Typically, metallopeptidases contain a tightly bound transition 
metal, such as zinc or iron. Angiotensin-converting en^me (ACE) is an example of a 
zinc metallopeptidase. The enzymatic activities of ACE include cleavage of the 
5 carboxyl-tenninal dipeptide fiom angiotensin I to produce angiotensin II, removal of 
two carboxyl-terminal dipeptides fiom bradykinin, hydrolysis of iV^acetyl-Ser-Gly-Lys- 
Pro at the Gly-Lys bond, cleavage of a carboxyl-terminal tripeptide amide fit>m 
substance P, and luteinizing hormone releasing hormone, and an amino-terminal 
tripeptide from luteinizing hormone releasing hormone. Several examples of artificial 
10 ACE substrate are described herein. 

Due to the imprecision of standard analytical methods, molecular - - , 

vv^i«^#^,4^v , ^ " wdghts and lengths of polymas are underwood tote 

a value is repressed as "abom" X or "approxiniately** X, the stated value of X 
understood to be accurate to ±10%. 

15 

3. Production of ffteZacei Gene " ^.^.-.^..^..^i.,-^ ^ 

Nucleic acid molecules encoding a human Zace2 gene can be obtained 
by screening a human cDNA or genomic library using polynucleotide probes based 
^x>nSEQIDNO:l. These techniques are standard and well-established. 

20 As an illustration, a nucleic acid molecule that encodes a human Zace2 

gene can be isolated fixmi a cDNA library. In this case, the first step would be to 
pcepare die cDNA library by isriadng RNA fi:o!m a tissue, s^ 
intestine or colcm tissue; uamg mediods wdl4mown to tiK>se of doll in die art In 
general, RNA isolation tedmiques must provide a method fiir breaking cells, a means of 

25 inhibiting RNase-directed d^radation of RNA, and a mediod of separating RNA fiom 
DNA, protein, and polysaccharide contaminants. For example, total RNA can be isolated 
by fi:eezing tissue in liquid nitrogoi, grinding the fix>2en tissue with a mortar and pesde to 
lyse the cells, extracting the ground tissue with a solution of j^enol/chloroform to remove 
proteins, and separating RNA fiom the remaining impurities by selective |Hecipitation 

30 with lithium chloride (see, for example, Ausubel et al (eds.). Short Protocols in 
Molecular Biology, 3^^ Edition, pages 4-1 to 4^ (John Wiley & Sons 1995) ["Ausubel 
(1995)"]; Wu et a/.. Methods in Gene Biotechnology, pages 33-41 (CRC Press, Inc. 1997) 
rWu(1997)n). 

Alternatively, total RNA can be isolated by extracting ground tissue with 
35 guanidinitmi isothiocyanate, retracting with organic solvents, and separating RNA fiom 
contammants using differential centrifiigadon (see, for example, Chirgwin et al. 
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Biochemistry 18:52 (1979); Ausubel (1995) at pages 4-1 to 4-6; Wu (1997) at pages 33- 
41). 

In Older to construct a cDNA library, poly(A)* RNA must be isolated from 
a total RNA preparadon. Poly(A)" RNA can be isolated from total RNA using the 
standard technique of oligo(dT)-cellulose chromatography (see, for example, Aviv and 
Leder, Proc. NaH Acad. Sci. USA 69:140% (1972); Ausubel (1995) at pages 4-11 to 4- 
12). 

Double-stranded cDNA molecules are synthesized from poly(A)^ RNA 
using techniques well-known to those in the art, (see, for example, Wu (1997) at pages 
41-46). Moreover, commercially available kits can be used to synthesize double- - 
, stranded cDNA molecules. For example, such kits are- available fitwn Life^ 

CA), Prom^ Q)rpoTation (Madison, WI) and STRATAGENE (La Jolla^ 

Various cloning vectors are appropriate for the construction of a cDNA 
15 library. For example, a cDNA library can be prepared in a vector derived from 
^ hacterioidiag^ such as a A^IO vector. See, for example, Huynh et aU Constructing ^ ^ ^ -r^ 

and Screening cDNA Libraries in XgtlO and Xgtll," in DNA Cloning: A Practical 
Approach Vol /, Glover (ed.), page 49 (IRL Press, 1985); Wu (1997) at pages 47-52. 

Ahematively^ double-stianded cDNA molecules can be inserted into a 
20 plasmid vector, such as a PBLUESCRIPT vector (STRATAGENE; U JoUa, CA), a 
LAMDAGEM-4 (Promega Corp.) or other commercially available vectors. Suitable 
cloning vectors also can be obtained from die Ameriom Type Culture CoUedioii 
(Manassas, VA). 

To amplify the cloned cDNA molecules, the cDNA hlwary is inserted into 
25 a prokaryotic host, using standard techniques. For example, a cDNA hbrary can be 
introduced into competait K coli DH5 cells, which can be obtained, for example, from 
Life Technologies, Inc. ((Jaithersburg, MD). 

A human genomic lilxary can be prepared by means well-known in the art 
(see, fw example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307-327). 
30 (jenomic DNA can be isolated by lysing tissue widi the detergent Saikosyl, digestiiigdie 
lysate with proteinase K, clearing insoluble debris from die lysate by centrifiigation, 
precipitating nucleic acid from the fysate using isopropanol, and purifying resuspended 
DNA on a cesium chloride density gradient 

DNA fragments that are suitable for the production of a genomic library 
35 can be obtained by the random shearing of genomic DNA or by the partial digestion of 
genomic DNA with restriction endonucleases. Genomic DNA fragments can be inserted 
into a vector, such as a bacteriophage or cosmid vector, in accordance with conventional 
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techniques, such as the use of restriction enzyme digestion to provide appropriate termini, 
the use of alkaline phosphatase treatment to avoid undesirable joining of DNA molecules, 
and ligation with appropriate ligases. Techniques for such manipulation are well-known 
in the ait (see, for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307- 
5 327). 

Alternatively, human genomic libraries can be obtained fiom conmieicial 
sources such as Research Genetics (Huntsville, AL) and the American Type Culture 
Collection (Manassas, VA). 

A library containing cDNA or genomic clones can be screwed with one or 
10 more polynucleotide probes based i^xm SEQ ID NO:l, using standard mediods (see, for 

example,Ausubel(1995)atpagcs6-lto6-llX - > ^^^^^ vv r ^ 

^oieedes tfaat^cbde a himan 2bce2 gene"^ 
obtained using the polymerase chain reaction (PCR) with oligonucleotide primers 
having nucleotide sequences that are based upon the nucleotide sequences of the Zace2 
15 gene, as described herein. General methods for screening libraries with PCR are 
. ^-^'^ 1^ 

Phage Libraries,** in A/erAodSp OT A/ofeCTi^ Vol. 15: PCR Protocols: Current 

Methods and Applications^ White (ed.), pages 211-215 (Humana Press, Inc. 1993). 
Moreover, techniques for using PCR to isolate related genes are described by, for 

20 example, Preston, "Use of Ekegenerate Oligonucleotide Primers and the Polymerase 
Chain Reaction to Clone Gene Family Members,** in Methods in Molecular Biology, 
VoL 15: PCR Protocols: Current Methods and ApplicationSr White (cd.X pages 317- 
337 (Humana Press, Inc. 1993). 

Anti-Zace2 antibodies, produced as described below, can also be used to 

25 isolate DNA sequences that encode human Zace2 genes from cDNA libraries. For 
example, the antibodies can be used to screen Xgtll expression libraries, or the 
antibodies can be used for immunoscreening following hybrid selection and translation 
(sec, for example, Ausubel (1995) at pages 6-12 to 6-16; Margolis et a/., "Screening X 
e}q>ression libraries with antibody and protein probes," in DNA Cloning 2: Expression 

30 Systems. 2nd Edition, Glover et al. (eds.), pages 1-14 (Qxfoid University Press 1995)). 

As an alternative, a Zace2 gene can be obtained by synthesizing nucleic 
add molecules using mutually priming long oligonucleotides and the nucleotide 
sequences described herein (see, for example, Ausubel (1995) at pages 8-8 to 8-9). 
Established techniques using the polymerase chain reaction provide the ability to 

35 synthesize DNA molecules at least two kilobases in length (Adang et al. Plant Molec 
Biol 27:1131 (1993), Bambot et al, PCR Methods and Applications 2:266 (1993), 
Dillon et aL, "Use of the Polymerase Chain Reaction for the Rapid Construction of 
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Synthetic Genes/' in Methods in Molecular Biology, Vol. 15: PCR Protocols: Current 
Methods and Applications^ White (ed), pages 263-268, (Humana Press, Inc. 1993), and 
Holowachuk et al, PCR Methods Appi 4:299 (1995)). 

The nucleic acid molecules of the present invention can also be 
5 synthesized with "'gene nuichines" using protocols such as the phosphoramidite method. 
If chemically-synthesized double stranded DNA is required for an application such as 
the synthesis of a gene or a gene fragment, then each complementary strand is made 
separately. The production of short genes (60 to 80 base pairs) is technically 
straightforward and can be accomplished by synthesizing the complementary strands 

10 and then annealing them. For the production of longer genes (>300 base pairs)> 

however,. q)ecial strategies may be required, because the coiq>iing efSciency of eadi • > 
^ DNA synthesis is sddom 100%. To overcome this pioblenb,; - 

synthetic genes (double-stranded) are assonbled in modular form fix>m single-stranded 
fiagments that are from 20 to 100 nucleotides in length. For reviews on polynucleotide 

15 synthesis, see, for example. Click and Pasternak, Molecular Biotechnology, Principles 

- and Ap/Mcations of Recombinant DNA {ASM fiess I994)y 

Biochem. 53:373 (1984), andCKmice/a^, /Vw. Natl Acad. Sci USA 57:633 (1990). 

Similar methods can be used to obtain nucleotide sequences^ \^ch 
encode a murine Zacel polypeptide. 

20 The sequence of a Zacel cDNA or Zace2 genomic fragment can be 

determined using standard methods. Zace2 polynucleotide sequences disclosed herein 
can also be used as probes or primers to clone 5' non-coding regions of a Zace2 gene. 
Promoter elements from a Zace2 gene can be used to direct the exi^ession of 
heterologous genes in digestive tract tissues of, for example, transgenic animals or 

25 patients treated with gene therapy. The identification of genomic fragments containing 
a Zace2 promoter or regulatory element can be achieved using well-established 
techniques, such as deletion analysis (see, genmlly, Ausubel (1995)). 

Cloning of 5' flanking sequences also facilitates production of Zace2 
proteins by "gene activation," as disclosed m U.S. Patrat No. 5,641,670. Briefly, 

30 e}q>ression of an endogoious Zace2 gene in a cell is altered by introducing into the 
Zace2 locus a DNA construct comprising at least a targeting sequence, a regulatory 
sequence, an exon, and an uiq>aired splice donor site. The targeting sequence is a 
Zace2 S' non-coding sequence that permits homologous recombination of the construct 
with the endogenous Zace2 locus, whereby the sequences within the construct become 

35 operably linked with the endogenous Zac€2 coding sequence. In this way, an 
endogenous Zace2 promoter can be replaced or supplemented with other regulatory 
sequences to provide enhanced, tissue-specific, or otherwise regulated expression. 
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4. Production ofZace2 Gene Variants 

The present invention provides a variety of nucleic acid molecules, 
including DNA and RNA molecules, which encode the Zace2 polypeptides disclosed 
5 herein. Thoseskilledinthean will readily recognize that, in view of the degeneracy of 
the genetic code, considerable sequence variation is possible among these 
polynucleotide molecules. SEQ ID N0:3 is a degenerate nucleotide sequence that 
encompasses all nucleic acid molecules that encode the 2^ace2 polypeptide of SEQ ID 
NO:2. Those skilled in the art will recognize that the degenerate sequence of SEQ ID 
10 N0:3 also provides all RNA sequences encoding SEQ ID N0:2, by substituting U for 
tfie present mvention contemplates Z ac e 2 polypeptide^encoding nudete acM 

molecules comimsing nucleotide 35 to nucleotide 2449 of SEQ ID NO:U and tiieir 

«,>>*,*i.*...^.,s.^p*v??»s!i*^^ equivalents ^j * '^*"** '* «»0 ** J^^^ *0> ^*i^^'*^ ■^^^^^ -^'m^r---*- ■ •■'^^^■^'■kt-^^m^^^^ 

Similarly, SEQ ID N0:7 is a degenerate nucleotide sequence that 
. ^^^^ ?^9?des the murine mZac^-S polypeptide (SEQ ID NO:6). The present inventicm , , . . 
ti^Iudes nuirine Zace 2 polypqstide^encoding nuddc add molecules comprising 
nucleotide 106 to nucleotide 2520 of SEQ ID NO:5, and their RNA equivalents. 

Table 1 sets forth the one-letter codes used within SEQ ID N0s:3 and 7 
to denote degenerate nucleotide positions. "Resolutions'' are the nucleotides denoted 
20 by a code letter. "Complement" indicates the code for the complementary 
nucleotide(s). For example, the code Y denotes either C or T, and its complement R 
denotes A or G, A being CQnq>lementary to T, and G being complementary to C. Tins 
mfimnalion can be used to genorate a d^enerate sequence encoding murine 2ace2-10 
polypq>tide. 
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Table 1 



Nucleotide 


Resolution 


1 

1 Complement 


Resolution 


A 


A 


T 


T 


C 


c 




G 


G 


G 


c 


C 


f 


T 


A 


A 


R 


A|G 


Y 


C|T 


Y 


C|T 


R 


A|G 




•■->.-*<A|C4;«**'- 




• qx 


K 


G|T 


M 


AjC 


S 


CjG 


S 


C|G 


W 


A|T 


w 


A|T 


jj 


A|C|T 




AIGfT 


B 


C|G|T 


V 


A|C|G 


V 


AIQG 


B 


C|G|T 


D 


A|G|T 


H 


A|C|T 


N 


A|C|G|T 


N 1 A|C|G|T 



The degenerate codons used in SEQ ID NQs:3 and 7, encompassing all 
5 possible codons for a given amino acid, are set ibrdi in Table 2. 
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Table 2 



Amino Acid 


One Letter 
Code 


Codons 


1 Degenerate 

1 B 

1 Codon 


Cys 


C 


TGCTGT 


TGY 


Ser 


S 


AGC AGT TCA TCC TCG TCT 


WSN 


Thr 


T 


ACA ACC ACQ ACT 


ACN 


Pro 


P 


CCA CCC CCG CCT 


1 

CCN 


Ala 


A 


GCA GCC GCG GCT 


GCN 


Gly 


G 


GGAGGCGGGGGT 


GGN 


Asa 


N 


AACAAT 


AAY 


"Asd 


D 


GAC GAT 


GAY 










Gin 


Q 


CAACAG 


CAR 


His 


H 


CAC CAT 


CAY 


Aig 


R 


AGA AGG CGA CGC CGG CGT 


MGN 


Lys 


K 


AAAAAG 


AAR 


Met 


M 


ATG 


ATG 1 


De 


I 


ATAATCATT 


ATH \ 


Leu 


L 


GTA CTC CTG CTT TTA TTG 


YTN 


Val 


V 


GTAGTCGTGGTT 


GTN 


Phe 


F 


TTCTTT 


TTY 


Tyr 


Y 


TACTAT 


TAY 


Tip 


W 


TGG 


TGG 


Ter 




TAATAGTGA 


TRR 


AsnjAsp 


B 




RAY 


GlulGln 


Z 




SAR 


Any 


X 




NNN 
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One of ordinary skill in the art will appreciate that some ambiguity is 
introduced in determining a degenerate codon, representative of all possible codons 
encoding an amino acid. For example, the degenerate codon for serine (WSN) can» in 
some circumstances, encode arginine (AGR), and the degenerate codon for arginine 
5 (MGN) can, in some circumstances, encode s^e (AGY). A similar relationship exists 
between codons encoding phenylalanine and leucine. Thus, some polynucleotides 
encompassed by the degenerate sequence may encode variant amino acid sequences, 
but one of ordinary skill in the art can easily identify such variant sequences, by 
reference to the amino acid sequence of SEQ ID N0s:2, 6, or 9. Variant sequences can 
10 be readily tested for functionality as described herein. . 
IMfifaait qpecies can exhibit "prefCTcntial codon usage 

. ' Grantham e/oA, A^^cwfr^ 5:1893 (1980), Haas etal Curr Biol 6:315 01996): '^^^'" " ' 
Wain-Hobson et al.^ Gene 73:355 (1981), Giosjean and Fiers, Gene 18:199 (1982). . . 

Holm, Nuc. Acids Res. 14:3075 (1986), Ikemura, J. Mol Biol 158:513 (1982), Sharp 

15 and Matassi, Curr, Opin Genet Dev. ¥:851 (1994), Kane, Curr. Opin. Biotechnol 
6:494 (1995), and Makrides, Microbiol Rev. 60:512 (1996). As used herein, the term 
''ineferential codon usage*^ or ^^referential codons** is a temi of art referring to protein 
translation codons that are most fiequently used in cells of a certain species, thus 
&voring one or a few representatives of the possible codons encoding each amino acid 

20 (See Table 2). For raanople, Ae amino acid threonine (Thr) may be encoded by ACA, 
ACC, ACG, or ACT, but in mammalian cells ACC is the most conmionly used codon; 
in other species, for example, insect cells, yeast, viruses or bactma, different Thr 
codons may be preferential. Preferential codons for a particular q)ecies can be 
introduced into the polynucleotides of the present invention by a variety of methods 

25 knoAvn in the art. Introduction of preferential codon sequences into recombinant DNA 
can, for example, enhance production of the protein by making protein translation more 
efBcient within a particular cell type or species. Therefore, the degenerate codon 
sequence disclosed in SEQ ID NOs:3 or 7 serves as a template for optimizing 
expression of polynucleotides in various cell types and species commonly used in the 

30 art and disclosed herein. Sequraces containing preferential codons can be tested and 
optimized for expression in various species, and tested for functionality as disclosed 
hmin. 

The present invention further provides variant polypeptides and nucleic 
acid molecules tliat represent counterparts from other species (orthologs). These 
35 species include, but are not limited to mammalian, avian, amphibian, reptile, fish, insect 
and other vertebrate and invertebrate species. Of particular interest are Zace2 
polypeptides fix>m other mammalian species, including poreine, ovine, bovine, canine. 
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feline, equine, and other primate polypeptides. Orthologs of human Zace2 can be 
cloned using information and compositions provided by the present invention in 
combination with conventional cloning techniques. For example, a Zace2 cDNA can 
be cloned using mRNA obtained from a tissue or cell type that expresses Zacel as 
5 disclosed herein. Suitable sources of mRNA can be identified by probing northern 
blots with probes designed from the sequences disclosed herein. A library is then 
prepared from mRNA of a positive tissue or cell line. Two murine Zace2 orthologs are 
described herein, which were isolated as cDNA produced from murine skin RNA. 

Those skilled in the art will recognize that the sequence disclosed in 

10 SEQ ID NO: 1 represents a single allele of human Zc7ce2, and that aUeUc variation and^ > 
alternative splicing are e3q)ected to occur. Allelic variants of this sequoice can be 
^^^^ cloned by probing cDNA or genomic libraries fiom difierent individuals accordii^ to " ' V ' - - • • 

standard procedures. Allelic variants of the nucleotide sequence shown in SEQ ID 
NO:I, mcludmg those contammg silent mutations and tibose in which mutations result 

IS in amino acid sequence changes, are within the scope of the presoit invention, as are 
protdns^ >^ch axe aUeUc variants of SEQ ID N0:2. cDNA molecules generated fro^ 
ahemativdy spliced mRNAs, v/bidt retain the properties of the Zace2 polypeptide are ^ ^ 

included within the scope of the present invention, as are polypeptides encoded by such 
cDNAs and mRNAs. Allelic variants and splice variants of these sequences can be 

20 cloned by probing cDNA or genomic libraries from different individuals or tissues ' ^ 
according to standard procedures known in the art The present invention also includes 
allelic variants and splice variants of the murine Zace2 forms described hereiiL 

TK^dim certain embodiments of the invention^ the isolated nucleic acid 
molecules can hybridize umier stringent conditions to nucleic acid molecules 

25 comprising the nucleotide sequence of SEQ ID NO:l, to nucleic acid molecules 
consisting of the nucleotide sequence of nucleotides 35 to 2449 of SEQ ID N0:1, or to 
nucleic acid molecules comprising a nucleotide sequence complementary to SEQ ID 
N0:1 or to nucleotides 35 to 2449 of SEQ ID NO:l. In general, stringent conditimis 
are selected to be about S^'C lower than the thermal melting point (Tm) for the specific 

30 sequence at a defined ionic strength and pH. The Tm is the temperature (under defined 
ionic strength and pH) at vAsich 50% of the target sequence hybridizes to a perfectly 
matched probe. 

A pair of nucleic acid molecules, such as DNA-DNA, RNA-RNA and 
DNA-RNA, can hybridize if the nucleotide sequences have some degree of 
35 complementarity. Hybrids can tolerate mismatched base pairs in the double helix, but 
the stability of the hybrid is influenced by the degree of mismatch. The T^i of the 
mismatched hybrid decreases by 1*^C for every 1-1.5% base pair mismatch. Varying 
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the stringency of the hybridization conditions allows control over the degree of 
mismatch that will be present in the hybrid. The degree of stringency increases as the 
hybridization temperature increases and the ionic strength of the hybridization buffer 
decreases. Stringent hybridization conditions encompass temperatures of about S-25^C 
5 below the T^^ of the hybrid and a hybridization buffer having up to 1 M Na". Higher 
degrees of stringency at lower temperatures can be achieved with the addition of 
foimamide, which reduces the Tjn of the hybrid about PC for each 1% formamide in 
the buffer solution. Generally, such stringent conditions include temperatures of 20- 
70^C and a hybridization buffer containing up to 6x SSC and 0^50% formamide. A 
10 higher degree of stringency can be achieved at temperatures of from 40-70®C with a ^ 
hybridization buffer having to 4x SSC and from 0-50% formamide: Highly ^ 
" - ' ' strmgent conditions typically encompass temperatures of 42-70*'C with a hybndizatiori " 

. ^ buffer having iq> to Ix SSC and 0-50% formamide. I>ifferent degrees of stringer ^ - v, 

be used during h} bridization and washing to achieve maximum specific binding to the 
15 target sequence. Typically, the washes following hybridization are performed at 
"^"^ - increasing degrees of stringency to remove non-hybridized polynucleotide probes fix)m ' 
hybridized complexes. 

The above conditions are meant to serve as a guide and it is well within 
the abilities of one skilled in fte art to ad^t these conditions for use with a particular 
20 polypq>tide hybrid. The Tm for a specific target sequence is the temperature (under 
defined conditions) at which 50% of the target sequence will hybridize to a perfectly 
matched probe sequence. Those ccHiditions that influence the Tqi include, the size and »* 
base pair content of the polynucleotide probe^ the ionic strei^th of the hybridizaticm 
solution, and the presence of destabilizing agents in the hybridization solution. 
25 Numerous equations for calculating T^ are known in the art, and are specific for DNA, 
RNA and DNA-RNA hybrids and polynucleotide probe sequences of varying length 
(see, for example, Sambrook et aL, Molecular Cloning: A Laboratory Manual^ Second 
Edition (Cold Spring Harbor Press 1989); Ausubel et al, (eds.). Current Protocols in 
Molecular Biology fJohn Wiley and Sons, Inc. 1987); Berger and Kimmel (eds.). Guide 
30 to Molecular Cloning Techniques^ (Academic Press, Inc. 1 987); and Wetmur, CriV. Rev. 
Biochem. Mol Biol 26:227 (1990)). Sequence analysis sofbvare such as OLIGO 6.0 
(LSR; Long Lake, MN) and Primer Premier 4.0 (Pr^er Biosoft International; Palo 
Alto, CA), as well as sites on the Internet, are available tools for analyzing a given 
sequence and calculating T„| based on user defined criteria. Such programs can also 
35 analyze a given sequence under defined conditions and identify suitable probe 
sequences. Typically, hybridization of longer polynucleotide sequences, >50 base 
pairs, is performed at temperatures of about 20-25'*C below the calculated Tm- For 
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smaller probes, <S0 base pairs, hybridization is typically carried out at the Tm or S- 
10°C below. This aUows for the maximum rate of hybridization for DNA-DNA and 
DNA-RNA hybrids. 

The length of the polynucleotide sequence influences the rate and 
5 stability of hybrid formation. Smaller probe sequences, <S0 base pairs, reach 
equilibrium with complementary sequences rapidly, but may form less stable hybrids. 
Incubation times of anywhere from minutes to hours can be used to achieve hybrid 
formation. Longer probe sequences come to equilibrium more slowly, but form more 
stable complexes even at lower temperatures. Incubations are allowed to proceed 
10 overnight or long^. Genaally, inciibations are carried out for a period equal to tiiree ^ ~ * 

.times the calculated Cot time. Cot time, the time it takes for the polynucleotide^^^^ - r 

^ v :x f sequences to reassodate, can be calculated for a particular sequeiK:e by methods known ^^-^ r . ^ 

intheart 

The base pair composition of polynucleotide sequence will effect the 

IS thermal stability of the hybrid complex, thereby influencmg the choice of hybridization 

tenqieiature and the icmic strength of the hybridization bu£^. A-^^ 

ftan G-C pairs in aqueous solutions containing sodium diloride. Therefore, fte higher " . 
the G-C content, the more stable the hybrid. Evra distribution of G and C residues 
within the sequence also contribute positively to hybrid stability. In addition^ the base 

20 pair composition can be manipulated to alter the Tin ofa given sequence. Forexanq)le, 
5-methyldeoxycytidine can be substituted for deoxycytidine and 5-bromodeoxuridine 
can be substituted for thymidine to increase the T^^ whereas 7-deazz-2'- . 
deoxyguanosine can be substituted for guanosine to reduce dependence on Tm . 

The ionic concentration of the hybridization buffer also affects the 

25 stability of the hybrid. Hylnidization buffers generally contain blocking agoats such as 
Denhardt's solution (Sigma Chemical Co., St Louis, Mo.), denatured salmon sperm 
DNA, tRNA, milk powders (BLOTTO), heparin or SDS, and aNa^ source, such as SSC 
(Ix SSC: 0.15 M sodium chloride, 15 mM sodium citrate) or SSPE (Ix SSPE: 1.8 M 
NaCl, 10 mM NaH2P04, 1 mM EDTA, pH 7.7). Typically, hybridization buffers 

30 contain from between 10 mM - 1 M Na". The addition of destabilizing or denaturing 
agents such as formamide, tetralkylammonium salts, guanidinium cations or 
thiocyanate cations to the hybridization solution will alter the T^ of a hybrid. 
Typically, fomiaraide is used at a concentration of up to 50% to allow incubations to be 
carried out at more convenient and lower temperatures. Formamide also acts to reduce 

35 non-specific backgroimd when using RNA probes. 

As an illustration, a nucleic acid molecule encoding a variant Zace2 
polypeptide can be hybridized with a nucleic acid molecule having the nucleotide 
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sequence of SEQ ID N0:1 (or its complement) at 42^C overnight in a solution 
comprising 50% fonnamide, Sx SSC, SO mM sodium phosphate (pH 7.6), Sx 
Denhaidt's solution (lOOx Denhaidt's solution: 2% (w/v) FicoU 400, 2% (w/v) 
polyvinylpyrrolidone, and 2% (w/v) bovine serum albumin), 10% dextran sulfate, and 
5 20 |ig/ml denatured, sheared sahnon sperm DNA. One of skill in the art can devise 
variations of these hybridization conditions. For example, the hybridization mixture 
can be incubated at a higher temperature, such as about 6S^C, in a solution that does not 
contain formamide. Moreover, premixed hybridization solutions are available {e.g., 
EXPRESSHYB Hybridization Solution from CLONTECH Laboratories, Inc.), and 

10 hybridization can be performed according to tiie manufacturer's instrucd 

Following hybridization, the nucleic acid molecules can be wa^ied to 

'■ - ^ • remove non-hybridized rmdeic acid molecules under stringent conditions, or under - 
highly stringent conditions. Typical stringent washing conditions include washing in a 
solution of 0.5x - 2x SSC with 0.1% sodium dodecyl sulfate (SDS) at 55 - 65*^0. That 

15 is, nucleic acid molecules encoding a variant Zace2 polypeptide remain hybridized with 
a nucleic acid molecule consisting of the nucleotide sequence of SEQ ID NO:l (or its 
complement) following stringent washing conditions, in M^ch the wash sflringency is ' 
equivalent to 0.5x - 2x SSC with 0.1% SDS at 55 - 65°C, including 0.5x SSC with 
0.1% SDS at SS^'Cy or 2xSSC with 0.1% SDS at 65X. One of skill in die art can 

20 readily devise equivalent conditions, for example, by substituting SSPE for SSC in the 
wash solution. 

Typical highly stringent washing conditions include wadiing in a 
solution of O.lx - 0.2x SSC with 0.1% sodium dodecyl sulfate (SDS) at 50 - 65X. In 
other words, nticleic acid molecules encoding a variant Zace2 polypeptide remain 

25 hybridized with a nucleic acid molecule consisting of the nucleotide sequence of SEQ 
ID N0:1 (or its complement) following highly stringent washing conditions, in which 
the wash stringency is equivalent to O.lx * 0.2x SSC with 0.1% SDS at 50 - 65^, 
includmg O.lx SSC with 0.1% SDS at 50^C, or 0.2xSSC with 0.1% SDS at 65<'C. 

The present invention also provides isolated Zace2 polypeptides that 

30 have a substantially similar sequence identity to the polypeptides of SEQ ID NO:2, or 
their orthologs. The term '^substantially similar sequence identity'' is used herein to 
denote polypeptides having at least 70%, at least 80%, at least 90%, at least 95% or 
greater than 95% sequence identity to the sequences shown in SEQ ID NO:2, or their 
orthologs. 

35 The present invention also contemplates Zace2 variant nucleic acid 

molecules that can be identified using two criteria: a determination of the similarity 
between the encoded polypeptide with the amino acid sequence of SEQ ID NO:2, and a 
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hybridization assay, as described above. Such Zace2 variants include nucleic acid 
molecules (1) that remain hybridized with a nucleic acid molecule consisting of the 
nucleotide sequence of SEQ ID N0:1 (or its complement) following stringent washing 
conditions, in which the wash stringency is equivalent to 0.5x - 2x SSC with 0. 1 % SDS . 
5 at 55 - 65**C, and (2) that encode a polypeptide having at least 70%, at least 80%, at . * . 
least 90%, at least 95% or greater than 95% sequence identity to the amino acid 
sequence of SEQ ID N0:2. Alternatively, Zace2 variants can be chaxacterized as 
nucleic acid molecules (1) that remain hybridized with a nucleic acid molecule 
consisting of the nucleotide sequence of SEQ ID N0:1 (or its complement) foUovdng 
10 highly stringent washing conditions, in which the wash stringency is equivalent to 0.1x * 
- O^x SSC with 0.1% SDS at 50 - 65°C, and (2) that encode a polypeptide having at - 
least 70%, at least 80%, at least 90%^ at least 95% or greater than 95% sequence 
identity to the amino acid sequence of SEQ ID NO:2. 

The present invention further includes murine Zace2 variant nucleic acid 
15 molecules identified by at least one of hybridization analysis and sequence identity 
(fetemiination, with lefermce to SEQ ID NOs:5, 6, 8, and 9. For example, using the 
approach discussed above, murine Zaccl variant nucleic acid molecules can be 
identified using at least one of three criteria: (I) hybridization with a nucleic acid 
molecule consisting of ttie nucleotide sequence of SEQ ID NO:5 or 8 (or its ^ 
complement) following stringent washing conditions, in which the wash stringency is I 
equivalent to 0.5x - 2x SSC with 0.1% SDS at 55 - 65°C, (2) hybridization with a 
nucleic and moleoile consisting of the nucleotide sequence of SEQ ID NO:5 or 8 (« : 
its complement) following highly stringent washing conditions, m which the wash 
stringency is equivalent to O.lx - 0.2x SSC vrith 0.1% SDS at 50 • 65^C, and (3) an 
25 amino acid percent identity that is at least 70%, at least 80%, at least 90%, at least 95% 
or greater than 95% sequence identity to the amino acid sequence of SEQ ID NO:6 or 
9. 

Percent sequence identity is determined by conventional methods. See, 
for example, Altsdiul et aL, Bull. Maih Bio. 48:603 (1986), and Henikoff and 

30 HenikofF, Proc. Natl. Acad Sci. USA *P:10915 (1992). Briefly, two amino acid 
sequences are aligned to optimize the alignment scores using a gap opening penalty of 
10, a gq> extension penalty of 1, and the "BLOSUM62'* scoring matrix of Henikoff and 
Henikoff (ibid.) as shown in Table 3 (amino adds are indicated by the standard one- 
letter codes). The percent identity is then calculated as: ([Total number of identical 

35 matches]/ [length of the longer sequence plus the number of gaps introduced into the 
longer sequence in order to align the two sequences]Xl 00). 
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Those skilled in the ait appreciate that there are many established 
algorithms available to align two amino acid sequences. The "TASTA*" similarity 
search algorithm of Pearson and Lipman is a suitable protein alignment method for 
examining the level of identity shared by an amino acid sequence disclosed herein and 
s the amino acid sequence of a putative Zace2 variant. The FASTA algorithm is 
described by Pearson and Lipman, Proc. Nat'lAcad ScL USA 85:2444 (1988), and by 
Pearson, Metk Enzymol 183:63 (1990). Briefly, FASTA first characterizes sequence 
similarity by identifying regions shared by the query sequence (e,g,, SEQ ID N0:2) and 
a test sequence that have either the highest density of identities (if the ktup variable is 

10 1) or pairs of identities (if ktup=2X without considering conservative amino add 

. . substitutions^ insertions, or deletions. The ten r^ons with the higbest density of 
^ identities are then rcscored by c omp ar in g tbs similarity of all paired amino adds using 
an amino acid substitution matrix, and the ends of the regions are ''trimmed'* to include 
only those residues diat contribute to the highest score. If there are several regions with 

15 scores greater than the '^cutofT value (calculated by a predetermined formula based 
upon the length of the sequence and tte ktiq> value), tl^ the trinamed initial regions are 
examined to determine ^i^ietfier the regions can be joined to fi>rm an q>proxmiate 
alignment with gaps. Finally, the highest scoring regions of the two amino add 
sequences are aligned using a modification of the Needleman-Wunsch-Sellois 

20 algorithm (Needleman and Wunsch, J. MoL Biol 48:444 (1970); Sellers, SIAMJ, Appl 
Math 26:1%1 (1974)), which allows for amino acid insertions and deletions. 
Illustrative parameters for FASTA analysis are: ktup=l, gap opening penalty=10» gq> 
extension penalty==l, and substitution matrix=BLOSUM62. These parameters can be 
introduced into a FASTA program by modifying the scoring matrix file C^MATRDT), 

25 as explained in Appendix 2 of Pearson, Meth. Enzymol 183:63 (1 990). 

FASTA can also be used to detennine the sequence identity of nucldc 
add molecules using a ratio as disclosed above. For nucleotide sequence comparisons, 
ibe ktup value can range between one to six, inferably fiom three to six, most 
preferably three, with othor parameters set as described above. 

30 The present invention includes nucldc add molecules that encode a 

polypeptide having a conservative amino acid change, compared with the amino acid 
sequence of SEQ ID NO:2, 6, or 9. That is, variants can be obtained that contain one or 
more amino acid substitutions of SEQ ID NO:2, 6, or 9, in which an alkyl amino acid is 
substituted for an alkyl amino acid in a 2^e2 amino acid sequence, an aromatic amino 

35 acid is substituted for an aromatic amino acid in a Zace2 amino acid sequence, a sulfur- 
containing amino acid is substituted for a suUur-containing amino acid in a Zace2 
amino acid sequence, a hydroxy-containing amino acid is substituted for a hydroxy- 
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containing amino acid in a Zace2 amino acid sequence, an acidic amino acid is 
substituted for an acidic amino acid in a Zace2 amino acid sequence, a basic amino acid 
is substituted for a basic amino acid in a Zace2 amino acid sequence, or a dibasic 
monocarboxylic amino acid is substituted for a dibasic monocaiboxylic amino acid in a 
5 Zace2 amino acid sequence. Among the common amino acids, for example, a 
^conservative amino acid substitution** is illustrated by a substitution among amino 
acids within each of the following groups: (1) glycine, alanine, valine, leucine, and 
isoleucine, (2) phenylalanine, tyrosine, and tryptophan, (3) serine and threonine, (4) 
aspartate and glutamate, (S) glutamine and asparagine, and (6) lysine, arginine and 
, 10 hisddine. 

As an iUiistratioii,. Table 4 lists aniino acid substitutions between tl^ 
' humau Zace2 and mZare7-5 sequences that are con ^ rvative according to the above ^ -^^-^^tr-^v^^^^^^^^^^^ 
criteria. One class of human Zace2 variants have at least one amino acid substitution 
listed in Table 4, while one class of murine Zace-2 mutants have at least one amino acid 
15 substitution listed in the table. Comparison of the two murine amino acid sequences 
, identified conservative amino add substitutions at positions 136 (Arg/Lys) and 493 . 

(His/Arg). Additional consenrative amino add substitutions can be devised by ft^ - : . 

of skill in the art 
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Table 4 



Position in Sequence 


Human SEQ IDNO:2 


Murine SEQ ID NO:6 { 


24 


Gin 


Acn 


59 


Val 
vai 


Ala 


66 


GIv 


Ala 
Ala 


83 


Tvr 
J yr 


rne 


93 


Val 


IIa 
tic 




Vnl 








Ala 

Aia 


212 


Val 
▼ ill 


Ala ' 
/Via 


228 


Hie 


ATg 






• • "iT- "U-"'**- 'jL"' .'Al* •♦-_-s''*«SS!i" I'll 


335 




nin 

UlU 




uiy 


Ala 

Ala 






oiy 


342 


Ala 


Vat 

vai 


353 


L»ys 


HIS 




I vc 


A vft 

Arg 


491 

D 


Val 


1 Ml 


520 


1^1 


11* 
lie 


577 




Aig 


582 


Aro 


L»ys 


600 


Lys 


Arg 


641 


Tyr 


Pl)e 


658 


Val 


lie 


663 


lie 


Val 


666 


Gly 


Leu 


679 1 


lie 


Val 


694 1 


lie 


Val 1 


698 1 


Thr 


Ser 1 
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Table 4 (Continued) 



Pnsitifln in Seaneii^ft 




Murine ^rn in Nn*ii 




Ala 


Val 




ocr 


inr 


745 


Val 


He 


751 


Gly 


Ala 


752 


Val 


Leu 


753 


He 


Val 


766 


Arg 


Lys 


775 


Aig 


Lys 


798 


Thr 


Ser 






^^iwi^ifr^y- ^^'^'^jl^fa 



The BLOSUM62 table is an amino acid substitution matrix derived from 
about 2,000 local multiple alignments of protein sequence segments, representing 
highly conserved regions of more than 500 groups of related proteins (Henikofif and 

10 Henikofif Proa Nat lAcad ScL USA «P:10915 (1992)). Accordingly, the BLOSIJM62 
substitution fiequendes can be used to define conservative amino acid substitutions that 
may be introduced into the amino add sequences of the present invention. Although it 
is possible to design amino acid substitutions based solely upon chemical properties (as 
discussed aboveX the language "'conservative amino acid substitution** preferably refers 

15 to a substitution represented by a BLOSUM62 value of greater than -1. For example, 
an amino acid substitution is conservative if the substitution is characterized by a 
BLOSUM62 value of 0, 1, 2, or 3. According to this system, preferred conservative 
amino acid substitutions are characterized by a BLOSUM62 value of at least 1 {e.g., 1, 
2 or 3), while more preferred conservative amino acid substitutions are characterized by 

20 a BLOSUM62 value of at least 2 (e.g., 2 or 3). 

Particular variants of Zace2 are characterized by having at least 70%, at 
least 80%, at least 90%, at least 95% or greater than 95% sequence identity to the 
corresponding amino acid sequence (i.e., SEQ ID N0s:2, 6, or 9), wherein the variation 
in amino acid sequence is due to one or more conservative amino acid substitutions. 
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Conservative amino acid changes in a Zace2 gene can be introduced by 
substituting nucleotides for the nucleotides recited in SEQ ID NOs:l, 5, or 8. Such 
''conservative amino acid" variants can be obtained, for example, by oligonucleotide- 
directed mutagenesis, linker-scanning mutagenesis, mutagenesis using the polymerase 
5 chain reaction, and the like (see Ausubel (199S) at pages 8-10 to 8-22; and McPherson 
(ed.). Directed Mutagenesis: A Practical Approach (IRL Press 1991)). A variant Zace2 
polypeptide can be identified by the ability to specifically bind anti-Zace2 antibodies. 

The proteins of the present invention can also comprise non-naturally 
occurring amino acid residues. Non-naturally occurring amino acids include, without 
_ 10 limitation, rron^-Snnethylproline, 2,4-methanoproline, c£r-4-hydroxyproline, trans-A- 

hydroxyproline, JV-methylglycine, a//o-threonine, methyhhreonine, > : . 

hydroxyethylcysteine, hydroxyediylhomocysteine, nitroglutamine, homoghitamine, : vr^ v> x 

pipecolic acid, thiazolidine caiboxylic acid, dehydroproline, 3- and 4-methylproline, 
3,3-dmiethylpn>Ime, /erMeucme, iiorvalme, 2-azaphenylalanme, 3-azaphra^ 

15 azq>henylalamne, and 4-fluorophenylalanine. Several methods are known in the art for 
incoiporating iion-iiaturaUy occurring amino add residues into prot^ Forexample, 
an in vitro system can be emfrioyed \^ierein nonsense mutations are suppressed using ' - 
chemically aminoacylated suppressor tRNAs. Methods for synthesizing amino acids 
and aminoacylating tRNA are known in the art. Transcription and translation of 

20 plasmids containing nonsense mutations is typically carried out in a cell-fiee system ^ ^ 

comprising an E, coli S30 extract and commercially available enzymes and other 
reagents. Proteins are purified by chromatogrq>hy. See, for exan^le, Robertson a/., 
J, Am. Chem. Soc, 113:2722 (1991), Hhnan etal. Methods EnzymoL 202:301 (199IX 
Chung et al., Saence 259:906 (1993), and Chung et aL, Froc. Nat l Acad Sci. USA 

25 PftlOHS (1993). 

In a second method, translation is carried out in Xenopus oocytes by 
microinjection of mutated mRNA and chemically aminoacylated suppressor tRNAs 
(Turcatti et aL J- Biol Chem, , 271:19991 (1996)). Within a third method, K coli ccUs 
are cultured in the absence of a natural amino acid that is to be replaced {e.g., 

30 phenylalanine) and in tiie presence of the desired non-naturally occuning amino acid(s) 
{e.g., 2-azaphenylalanine, 3-azq>henylalanine, 4-azaphenylalanine, or 4- 
fluorophenylalanine). The non-naturally occurring amino acid is incorporated into the 
protein m place of its natural counterpart. See, Koide et al, Biochem. 53:7470 (1994). 
Naturally occurring amino acid residues can be converted to non-naturally occurring 

35 species by in vitro chemical modification. Chemical modification can be combined 
with site-directed mutagenesis to further expand the range of substitutions (Wynn and 
Richards, Proto>?5ci. 2:395 (1993)). 
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A limited number of non-conservative amino acids, amino acids that are 
not encoded by the genetic code, non-naturally occurring amino acids, and unnatural 
amino acids may be substituted for Zace2 amino acid residues. 

Essential amino acids in the polypeptides of the present invention can be 
5 identified according to procedures known in the art, such as site-directed mutagenesis 
or alanine-scanning mutagenesis (Cunningham and Wells, Science 2^-^:1081 (1989), 
Bass et dl., Proc. Nat'l Acad Scl USA ««:4498 (1991), Coombs and Corey, "Site- 
Directed Mutagenesis and Protein Engineering," in Proteins: Analysis and Design, 
Angeletti (ed.), pages 259-311 (Academic Press, Inc. 1998)). In the latter technique, 

10 single alanine mutations are introduced at every residue in the molecule, and the 

resultant mutant molecules are tested for biological activity to identify amino acid ^ " 

residues that arc critical to the activity of the molecule. See also, Hilton et al., X Biol: " ^ 

C/renjL 277:4699 (1996). 

As discussed above, amino acid sequence analysis indicates that the 

15 following amino acids play a role in Zace2 enzymatic activity: His^^\ Glu^^^ His^^, and 
Glu*"^. Although sequence anafy^ can be used to further defiiie the Za^ 
domains that play a role in Zace2 activity can also be determined by physical analysis 
of structure, as determined by such techniques as nuclear magnetic resonance, 
oystallogvaphy, electron difB:action or photoaffinity labeling, in conjunction with 

20 mutation of putative contact site amino acids. See, for example, de Vos et al. Science 
255:306 (1992), Smith et al. J. Mol Biol 224:999 (1992), and Wlodaver et al, FEBS 
Lett 309:59 il992), 

Multq>le amino acid substitutions can be made and tested using known 
methods of mutagenesis and screening, such as those disclosed by Reidhaar-OIson and 

25 Sauer {Science 241:53 (1988)) or Bowie and Sauer (Proc, Natl Acad Sci. USA 
86:2152 (1989)). Briefly, these authors disclose methods for simultaneously 
randomizing two or more positions in a polypeptide, selecting for functional 
polypeptide, and then sequoicing tiie mutagenized polypeptides to determine the 
spectrum of allowable substitutions at each position. Other methods that can be used 

30 include phage display (e.^., Lowman et al. Biochent iO:10832 (1991), Ladner et al., 
U.S. Patent No. 5,223,409, Huse, international publication No. WO 92/06204, and 
r^ion-directed mutagenesis (Derbyshire et al. Gene 46:145 (1986), and Ner et aL 
iaAM 7:127, (1988)). 

Variants of the disclosed Zace2 nucleotide and polypeptide sequences 

35 can also be generated through DNA shufiQing as disclosed by Stenuner, Nature 570:389 
(1994), Stemmer, Proc Natl Acad Scl USA P7:10747 (1994), and international 
publication No. WO 97/20078. Briefly, variant DNA molecules are generated by in 
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vitro homologous recombinatioii by random firagmentation of a parent DNA followed 
by reassembly using PCR, resulting in randomly introduced point mutations. This 
technique can be modified by using a family of parent DNA molecules^ such as allelic 
variants or DNA molecules from different species, to introduce additional variability 
5 into the process. Selection or screening for the desired activity, followed by additional 
iterations of mutagenesis and assay provides for rapid ""evolution" of sequences by 
selecting for desirable mutations while simultaneously selecting against detrimental 
changes. 

Mutagenesis methods as disclosed herein can be combined with high- 
10 throughput, automated screening methods to detect activity of cloned, mutagoiized 
polypeptides in host cells. Mutagenized DNA molecules that encode biologically 
active polypefrtides, or polypeptides that bind with anti-Zace2 antibodies, can be 
recovered fiom the host cells and xaipidly sequenced using modem equipment These 
""^ ^ "^^ inett detmiiiiiatidn of tiiie unpb^^^ acid 

15 residues m a polypeptide of mterest, and can be apphed to polypeptides of unknown 
structure. 

The present invention also indudes *iimctionaI ira 
murine Zace2 polypeptides and nucleic acid molecules encoding such functional 
fifagments. Routine deletion analyses of nucleic acid molecules can be performed to 

20 obtain fimctional fiagments of a nucleic acid molecule that encodes a Zace2 
polypeptide. As an illustration, DNA molecules having the nucleotide sequence of 
SEQ ID NO:l can be digested with Bal3\ nuclease to obtain a series of nested 
deletions. The fragments are then inserted into expression vectors in proper reading 
fiame, and the expressed polypeptides are isolated and tested for the ability to bind anti- 

25 Zace2 antibodies. One alternative to exonuclease digestion is to use oligonucleotide- 
directed mutagraesis to introduce deletions or stop codons to specify production of a 
desired fiagment Alternatively, particular fiagments of a Zace2 gene can be 
^thesized using the polymoase chain reaction. 

This general {qyproach is exemplified by studies on the truncation at 

30 either or both termini of interferons have been summarized by Horisberger and Di 
Marco, Pharmac. Ther, 66:507 (1995). Moreover, standard techniques for functional 
analysis of proteins are described by, for example, Treuter et a/., Molec. Gen. Genet, 
240:113 (1993), Content et al., "Expression and preliminary deletion analysis of the 42 
kDa 2-5A synthetase induced by human interferon," in Biological Interferon Systems, 

35 Proceedings of ISIR-TNO Meeting on Interferon Systems, Cantell (ed.), pages 65-72 
(Nijhoff 1987), Herschman, "The EGF Receptor," in Control of Animal Cell 
Proliferation, Vol. 7, Boynton et al., (eds.) pages 169-199 (Academic Press 1985), 
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Coumailleau ei ai, J. Biol. Chem. 270:29270 (1995); Fukunaga et al, J. Biol Chem, 
270:25291 (1995); Yamaguchi et al, Biochem, Pharmacol. 50:1295 (1995), and Mcisel 
et al.. Plant Molec. Biol 30:1 (1996). 

An example of a functional fragment of a Zace2 polypeptide is a soluble 
5 fonn of Zace2 that lacks a tranmiembiane domain. Illustrative Zace2 soluble fonns 
include polypeptides consisting of amino acid residues 1 to 738, 1 to 708, 19 to 738, 19 
to 708, 1 to 613, and 19 to 613 of SEQ ID NOs:2, 6, or 9. Additional Zace2 fragments 
that comprise the active site include amino acid residues 133 to 542, 344 to 542, and 
371 to 402 of SEQ ID N0s:2, 6, or 9. 

10 The present invention also contemplates fiinctional fragments of a Zace2 v^^ : 

gene that have amino acid changes, compared with the amino acid sequence of SEQ ID . ^ rr. : - , ^ 

: 6, or9. A variant Zaitre2 gene can be identified on the basis of structure ^ >rr . 

determining the level of identity with nucleotide and amino acid sequence of SEQ ID 
NOs:2, 6, or 9, as discussed above. An alternative approach to identifying a variant 

15 gene on me basis of stnicture IS to determine whether a nucleic acid molecule encoding 
a potential variant Zace2 gene can hybridize to a nucleic acid molec^ 
^ ^ * nudeotide sequence of SEQ ID N(>s:l,^ -^^-^^^ ^ ''^-^^ -^^'^^-'^'^ 

The present invention also {Hovides polypeptide fragments or peptides 
comprising an q>itope-bearing portion of a Zace2 polypeptide described hei:^ Such 

20 fragments or peptides may comprise an ^immunogenic epitope,*' \^ch is a part of a ^ r. ^. 
protein that elicits an antibody response when the entire protein is used as an 
immunogen. Immunogenic epitope-bearing peptides can be identified using standard ■.'■■--'■-y 
methods (see, for example, Geysenef a/., Proc. Natl Acad. Set KSM */:3998 (1983)). 

In contrast, polypeptide fragments or peptides may comprise an 

25 "antigenic epitope,^ ^diich is a region of a protein molecule to which an antibody can 
specifically bind. Certain epitopes consist of a linear or contiguous stretch of amino 
acids, and the antigenicity of such an epitope is not disrupted by denaturing agents. It is 
known in the art that relatively short synthetic peptides that can miinic q>itopes of a 
protein can be used to stimulate tl^ production of antibodies against the protein (see, 

30 for example, Sutclifife et al. Science 219:660 (1983)). Accordingly, antigenic epitope- 
bearing peptides and polypeptides of the present invention are useful to raise antibodies 
that bind with the polypeptides described herein. 

Antigenic epitope-bearing peptides and polypeptides can contain at least 
four to ten amino acids, at least ten to fifteen amino acids, or about 15 to about 30 

35 ammo acids of SEQ ID N0s:2, 6, or 9. Such epitope-bearing peptides and polypeptides 
can be produced by fragmenting a Zace2 polypeptide, or by chemical peptide synthesis, 
as described herein. Moreover, epitopes can be selected by phage display of random 
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pq)tide libraries (see, for example. Lane and Stephen, Curr, Opin. Immunol 5:268 
(1993), and Cortese et al, Curr, Opin, Biotechnol 7:616 (1996)). Standard methods 
for identifying epitopes and producing antibodies from small peptides that comprise an 
epitope are described, for example, by Mole, "Epitope Mapping," in Methods in 
5 Molecular Biology. Vol 10, Manson (ed.), pages 105-116 (The Humana Press, Inc. 
1992), Price, ""Production and Characterization of Synthetic Peptide-Derived 
Antibodies,** in Monoclonal Antibodies: Production, Engineering, and Clinical 
Application^ Ritter and Ladyman (eds,), pages 60-84 (Cambridge University Press 
1995), and Coligan et al (eds.). Current Protocols in Immunology^ pages 9.3.1 - 9.3.5 

10 and pages 9.4.1- 9.4.11 (John Wiley & Sons 1997). 
' - For any Zace2 polypeptide; including variants and fusion protdns, one^^^ 

of ordinary skill in the art can readily generate a fully degenerate polynucleotide 
sequence encoding that variant using the information set forth in Tables 1 and 2 above. 
..^^r ^ < > ^M^^^^^SSF' in the art can usie standard software to devise Zace2 variants . >: . - . - , . : - 

15 based upon the nucleotide and amino acid sequences described herein. Accordingly, 
the present invention includes a computer-readable medium encoded with a data 
structure that provides at least one of the following sequences: SEQ ID NOrl, SEQ ID 
NO:2, SEQ ID NO:3, SEQ ID NO:5, SEQ ID N0:6, SEQ ID NO:7, SEQ ID N0:8, and 
SEQ ID NO:9. Suitable forms of CQnq)uter-readable media include magnetic media 

20 and optically-readable media. Examples of magnetic media include a hard or fixed 
drive, a random access memory (RAM) chip, a floppy disk, digital linear tape (DLT), a 
disk cache, and a ZIP disk. Optically readable media are exemplified by conq>act discs 
ie,g, CD-read only memory (ROM), CD-rewritable (RW), and CI>-recordableX and, 
digital versatUeAddeo discs (DVD) (eg., DVD-ROM, DVD-RAM, and DVD+RW). 

25 

5. Production ofZace2 Polypeptides 

The polypeptides of the presmt invention, including full-length 
polypeptides, functional fiagments, and fusion proteins, can be produced in recombinant 
host cells following conventional techniques. To e>qness a Zace2 gene, a nucleic add 

30 molecule encoding the polypeptide must be operably linked to regulatory sequences that 
control transcriptional e3q>ression in an expression vector and then, introduced into a host 
cell. In addition to transcriptional regulatory sequences, such as promoters and enhancers, 
expression vectors can include translational regulatory sequences and a marker gene, 
vMch is suitable for selection of cells that carry the expression vector. 

35 Expression vectors that are suitable for production of a foreign protein in 

eukaiyotic cells typically contain (1) prokaiyotic DNA elements coding for a bacterial 



wo 00/70032 



42 



PCTAJSOO/11932 



rcplication origin and an antibiotic resistance marker to provide for the growth and 
selection of the expression vector in a bacterial host; (2) eukaryotic DNA elements tiiat 
control initiation of transcription, such as a promoter; and (3) DNA elements that 
control the processing of transcripts, such as a transcription 
5 termination/polyadenylation sequence. As discussed above, expression vectors can also 
include nucleotide sequences encoding a secretory sequence that directs the 
heterologous polypeptide into the secretory pathway of a host cell. For example, a 
Zace2 expression vector may comprise a Zace2 gene and a secretory sequence derived 
from any secreted gene. 
10 Zace2 pn>teinsoftte present invention may be expressed in mammalian 

cells. .Exanq>les of suitable mammalian host cells include African green monkey 

(Veror ATCC CRI/ 1587X human rabryomc Kdhey^ c^^ 
ATCC CRL 1573), baby hamster kidney cells (BHK-21, BHK«570; ATCC CRL 8544, 

15 ovary celhs (CHO-Kl; ATCC CCL61; CHO DG44 (Chasin et aL Som, Cell Molec. 
Genet 72:555, 1986)), rat pituitary cells (GHl; ATCC CCL82), H 
CCL2.2), rat hepatonm cells (H-4-n-E; ATCC CRL 1548) SV^ 
kidney cells (COS-1; ATCC CRL 1650) and murine embryonic cells (NIH.3T3; ATCC 
CRL 1658), 

20 For a mammalian host, the transcriptional and translational regulatory 

signals may be derived from viral sources, such as adenovirus, bovine papilloma virus, 
simian virus, or the like, in M^ch the regulatory signals are associated w^ . 
gene, which has a high level of expression. Suitable transaiptional and translational 
regulatory sequences also can be obtained from mammalian genes, such as actin, 

25 collagen, myosin, and metallothionein genes. 

Transcriptional regulatory sequences include a promoter region 
sufiScient to direct the initiation of RNA synthesis. Suitable eukaryotic promoters 
include the promoter of the mouse meiallothionem I gene (Hamer et al, 1 Molec Appl 
Genet 1:273 (1982)), the TK promoter of Herpes virus (McKnight, Cell 37:355 

30 (1982)), the SV40 early promoter (Bcnoist ei al,. Naiure 290:304 (1981)), the Rous 
sarcoma virus promoter (Gorman et al., Proc. Natl Acad. Scl USA 7P:6777 (1982)), 
tiie cytomegalovirus promoter (Foecking et aL, Gene 45:101 (1980)), and tiie mouse 
mammaiy tumor vmis promoter (see, generally, Etcheverry, "Expression of Engineered 
Proteins in Mammalian Cell Culture,*' in Protein Engineering: Principles and Practice^ 

35 Clelande/a/. (eds.), pages 163-181 (John Wiley & Sons, Inc. 1996)). 

Alternatively, a prokaryotic promoter, such as the bacteriophage T3 
RNA polymerase promoter, can be used to control Zace2 gene expression in 
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mammalian cells if the prokaryotic promoter is regulated by a eukaryotic promoter 
(Zhou et al„ Mol Cell Biol 70:4529 (1990), and Kaufinan et al, Nucl Acids Res. 
79:4485 (1991)). 

An exiHession vector can be introduced into host cells using a variety of 
5 standard techniques including calcium phosphate transfection, liposome-mediated 
transfection, microprojectile-mediated delivery, electroporation, and the like. Preferably, 
the transfected cells are selected and propagated to provide recombinant host cells that 
comprise the e^qpression vector stably integrated in the host cell genome. Techniques for 
introducing vectors into eukaiyotic cells and techniques for selecting such stable 
10 transformantsusiiig a domiiiam selectable inarker are described, for exanq)le, by 
^ ^ (1995) and by Murray (ed.X Gene Transfer and Expression Protocols (Humana Press 

For exanqple, one suitable selectable marker is a gene that provides 
resistance to the antibiotic neomycin. In this case, selection is carried out in the . 
15 presence of a neomycin-type drug, such as G-41 8 or the like. Selection systems can 
also be used to increase the oqiression levd of the g»e of interest, a process rc^ 

as '^amplification.'* Amplification is carried out by cutturxng transfectants in Ae -'^ " ^ 

inesence of a low level of the selective agent and then increasing the amount of 
selective agent to select for cells that produce high levels of the products of the 

20 introduced genes. A suitable amplifiable selectable marker is dihydrofolate reductase, * ■ '''' 

which confers resistance to methotrexate. Other drug resistance genes {e.g., 
hygromycin resistance, multi-drug resistance, puromycin acetyltransferase) can also be 
used. Ahematively, markers that introduce an altered phenotype, such as green 
fluorescent protein, or cell sur&ce proteins such as CD4, CDS, Class I MHC, placental 

25 alkaline phosphatase may be used to sort transfected cells from untransfected cells by 
such means as FACS sorting or magnetic bead separation technology. 

Zace2 polypeptides can also be produced by cultured mammali an cells 
using a viral delivery system. Exemplary viruses for this purpose include adenovirus, 
herpesvirus, vaccinia virus and adeno-associated virus (AAV). Adenovirus, a double- 

30 stranded DNA virus, is currently the best studied gene transfer vector for delivery of 
heterologous nucleic acid (for a review, see Becker et al, Meth Cell Biol 43:\6\ 
(1994), and Douglas and Curiel, Science & Medicine 4:44 (1997)). Advantages of the 
adenovirus system include the accommodation of relatively large DNA inserts, the 
ability to grow to high-titer, the ability to infect a broad range of mammalian cell types, 

35 and flexibility that allows use with a large number of available vectors containing 
different promoters. 
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By deleting portions of the adenovirus genome, larger inserts (up to 7 
kb) of heterologous DNA can be accommodated. These inserts can be incorporated 
into the viral DNA by direct ligation or by homologous recombination with a co- 
transfected plasmid. An option is to delete the essential EI gene fiom the viral vector, 
which results in the inability to replicate unless the El gene is provided by the host cell. 
Adenovirus vector-infected human 293 cells (ATCC Nos. CRL-1573, 45504, 45505), 
for example, can be grown as adherent cells or m suspension culture at relatively high 
cell density to produce significant amounts of protein (see Gamier et al, Cytotechnol 
75:145 (1994)). 

Zace2 can also be expressed in other higher eukaiyotic cells, such as 
. avian, fimgaU insect, yeast, or plant cells. The baculovirus systOT 

^> mmm m ^ to mtnxhicedoned 2flce2genesii^^^ 

based upon the Auto^apha califomica multiple nuclear polyhediosis virus 



10 



15 {hsp) 70 promoter, Autogrqpha califomica nuclear polyhedrosis virus immediate-early 
gene i»onioter (fe-i) and tiie delayed early 39K promoter, baculovinis piO promoter^ 
and the Drosophila metdllothionein promoter. A second method of making recombinant 
baculovinis utilizes a tnmsposon-based system described by Luckow (Luckow, et al, J. 
Virol 67:4566 (1993)). This system, which utilizes transfer vectors, is sold in the 

20 BAC-to-BAC kit (Life Technologies, Rockville, MD). This system utilizes a transfer 
vector, PFASTBAC (Life Technologies) containing a Tn7 transposon to move the 
DNA encoding the Zace2 polypeptide into a baculovirus genome maintained in E coli 
as a large plasmid called a **bacmid.** See, ICU-Perkins and Possee, Gen, ViroL 
77:971 (1990), Bonning, et al, J. Gen Virol 75:1551 (1994), and Chazenbalk, and 

25 Rapoport, J. Biol Chem. 270:1543 (1995). In addition, transfer vectors can include an 
in-firame fusion with DNA encoding an epitope tag at the C- or N-terminus of the 
repressed Zace2 polypeptide, for example, a Glu-Glu epitope tag (Gnissenmeyer et al, 
Proc, Natl Acad Sci. 82:7952 (1985)). Using a technique known in the art, a transfer 
vector containing a Zace2 gene is transformed into E coli, and screened for bacmids, 

30 which contain an interrupted lacZ gene indicative of recombinant baculovirus. The 
bacmid DNA containing the recombinant baculovirus genome is then isolated using 
common techniques. 

The illustrative PFASTBAC vector can be modified to a considerable 
degree. For example, the polyhedrin promoter can be removed and substituted with the 

35 baculovirus basic protein promoter (also known as Pcor, p6.9 or MP promoter), which 
is expressed earlier in the baculovirus infection, and has been shown to be 
advantageous for expressing secreted proteins (see, for example, Hill-Perkins and 
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Possee, 1 Gen. Virol 77:971 (1990), Bonning, et al, J. Gen. Virol 75:1551 (1994), 
and Chazenbalk and Rapoport, J. Biol Chem. 270:1543 (1995). In such transfer vector 
constructs, a short or long version of the basic protein promoter can be used. Moreover, 
transfer vectors can be constructed, which replace the native Zace2 secretory signal 
S sequmces with secretory signal sequences derived from uisect proteins. For example, a 
secretory signal sequence from Ecdysteroid Glucosyltransferase (EGT), honey bee 
Melittin (Invitrogen CorporatioI^ Carlsbad, CA), or baculovirus gp67 (PharMingen: 
San Diego, CA) can be used in constructs to replace the native Zace2 secretory signal 
sequence. 

10 The recombinant virus or bacmid is used to transfect host cells. Suitable 

insect host cells include cell lines doived from IPLB-iS/^21, a Spodoptera firupperda 

- pi^wl cwatian cdl line, such as Sfi (ATCC CRL 1711),^1AE, and^I (Invitrogoi 
Corporation; San Diego, CA), as well as Drosophila Schneider-2 cells, and the HIGH 
FIVEO cell line (Invitrogen) derived fiom Trichoplmia nii}3.S.:e?i^ No. 5300,435). 

15 CTommercially available serum-fiee media can be used to grow and to niaintain the 
cells. Suitable media are Sf900 IT^ ^ife Tedmologies) or ESP 921™ (Esqxression 
Systems) for the Sf9 ceHs; and Ex-cenO405™ (JRH Biosciences, Lenexa, KS) or 
Express FiveO™ (Life Technologies) for the T. ni cells. When recombinant virus is 
used, the cells are typically grown up fiom an inoculation density of approximately 2-5 

20 X 10^ cells to a density of 1-2 x 10^ cells at which time a recombinant viral stock is 
added at a multiplicity of infection (MOI) of 0. 1 to 1 0, more typically near 3. 

Established tedmiques for producing recombinant proteins in 
baculovirus systrais are provided by Bailey et al, ''Manipulation of Baculovirus 
Vectors,** in Methods in Molecular Biology, Volume 7: Gene Transfer and Expression 

25 Protocols, Murray (ed.), pages 147-168 (The Humana Press, Inc. 1991), by Patel et al, 
"The baculovirus expression system," in DNA Cloning 2: Expression Systems, 2nd 
Edition, Glover et al (eds.), pages 205-244 (Oxford University Press 1995), by 
Ausubel (1995) at pages 16-37 to 16-57, by Richardson (ed.), Baculovirus Expression 
Protocols (The Humana Press, Inc. 1995), and by Lucknow, ""Insect Cell depression 

30 Technology,** in Protein Engineering: Principles and Practice, Cleland et al. (eds.), 
pages 183-218 (John Wiley & Sons, Inc. 1996). 

Fungal cells, including yeast cells, can also be used to express the genes 
described herein. Yeast species of particular interest in this regard include 
Saccharomyces cerevisiae, Pichia pastoris, and Pichia methanolica. Suitable promoters 

35 for expression in yeast include promoters fiom GALl (galactose), PGK 
(phosphoglycerate kinase), ADH (alcohol dehydrogenase), AOXI (alcohol oxidase), 
HIS4 (histidinol dehydrogenase), and the like. Many yeast cloning vectors have been 
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designed and are readily available. These vectors include YIp-based vectors, such as 
YIp5, YRp vectors, such as YRpl 7, YEp vectors such as YEpl 3 and YCp vectors, such 
as YCpl9. Methods for transforming 5. cerevisiae cells with exogenous DNA and 
producing recombinant polypeptides therefrom are disclosed by, for example, 
5 Kawasaki, U.S. Patent No. 4,599,311, Kawasaki et al., U.S. Patent No. 4,931,373, 
Brake, U.S. Patent No. 4,870,008, Welch et al, U.S. Patent No. 5,037,743, and Murray 
et al, U.S. Patent No. 4,845,075. Transformed cells are selected by phenotype 
determined by the selectable marker, commonly drug resistance or the ability to grow in 
the absence of a particular nutrient {e,g., leucine). A suitable vector system for use in 

10 Saccharomyces cerevisiae is the POTl vector system disclosed by Kawasaki et al. 
. CUJS. Patent No. 4,931373), whidi allows transformed cells to be selected by growth in 
l^^^^^^^ ^^^'^^ -^^^ media. Additional suitable promoters and terminators for use in 

yeast include those from glycolytic en^me genes (see, e.g., Kawasaki, U.S. Patent No. 
.4»5S^?311, Kings^ , 

15 4,977,092) and alcohol dehydrogenase genes. See also U.S. Patents Nos. 4,990,446, 
5,063,154, 5,139,936, and 4,661,454. 

Transformation systems for otiier yeasts, tnctuiding Hansemtta 
polymorpha, Schizosaccharomyces pombe, Ktuyveromyces lactis, Kluyveromyces 
fragilis, Ustilago mqydis, Pichia pastoris, Pichia methanolica, Pichia guillermomlii 

20 and Candida maltosa are known in the art See, for example, Gleeson et aL, J, Gen 
Microbiol, 732:3459 (1986), and Cregg, U.S. Patent No. 4,882,279. Aspergillus cells 
may be utilized according to the methods of McKnight et aL, U.S. Patent No. 
4,935349. Methods for transforming Acremonium chrysogenum are disclosed by 
Sumino et aL, U.S. Patent No. 5,162,228. Methods for transforming Nettrospora are 

25 disclosed by Lambowitz, U.S. Patent No. 4,486,533. 

For example, the use of Pichia methanolica as host for the production of 
recombinant proteins is disclosed by Raymond, U.S. Patent No. 5,716,808, Raymond, 
U.S. Patent No. 5,736383, Raymond et aL, Yeast 14:1 1-23 (1998), and in international 
pubUcation Nos. WO 97/17450, WO 97/17451, WO 98/02536, and WO 98/02565. 

30 DNA molecules ior use in transforming P. methanolica will conunonly be prepared as 
double-stranded, circular plasmids, which are preferably linearized prior to 
traiisformation. For polypeptide production in P. methanolica, it is preferred that the 
promoter and terminator in the plasmid be that of a P. methanolica gene, such as a P. 
methanolica alcohol utilization gene (A UGJ or A UG2\ Other useful promoters include 

35 those of the dihydroxyacetone synthase (DHAS), formate dehydrogenase (FMD), and 
catalase (CAT) genes. To facilitate integration of the DNA into the host chromosome, 
it is preferred to have the entire expression segment of the plasmid flanked at both ends 
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by host DNA sequences. A suitable selectable marker for use in Pichia methanoUca is 
a P. methanoUca ADE2 gene, which encodes phosphoribosyl-S-anunoimidazole 
carboxylase (AIRC; EC 4.1.1.21), and which allows adel host cells to grow in the 
absence of adenine. For large-scale, industrial processes where it is desirable to 
5 minimize the use of methanol, it is preferred to use host cells in which both methanol 
utilization genes {AUGl and AUG2) are deleted. For production of secreted proteins, 
host cells deficient in vacuolar protease genes {PEP4 and PRBl) are preferred. 
Electroporation is used to facilitate the introduction of a plasmid containing DNA 
encoding a polypeptide of interest into P. methanoUca cells. P. methanqlica cells can 
10 be transfonned by electroporation using an e3q)onentially decaying, pulsed electric fi 

having a field strength of firai 23 to 4.5 kV/cm, preferably about 3.75 kV/cm, and a r . - ; 

^^^^^^^ I to40 ininiseconds,^^ 

Expression vectors can also be introduced into plant protoplasts, intact 

^.v... v . ^ V . P^^*^iss^ or isolated plant cells. Methods for introducing expression vectors into . ^ , ■> 

15 plant tissue include the direct infection or co-cultivation of plant tissue with 
Agrobacterium tumefaciens^ microprojectile*mediated delivery, DNA injection, 
electroporation, and tibe like. See, for example Horsch e/ fl/., 

Klein et al.. Biotechnology 70:268 (1992), and Miki et al,, ''Pn>cedures for Introducing 
Foxtig^ DNA ism FlaaisT in Method 

20 Glick et al (eds.X pages 67-88 (CRC Press, 1993). 

Alternatively, Zace2 genes can be expressed in prokaryotic host cells. 
Suitable promoters that can be used to express Zace2 polypqytides in a prokaryotic host 
are weU-known to those of skiU in the art and include promoters cq»ble of recognizi^ . - . . 

the T4, T3, Sp6 and T7 polymerases, the and Pl promoters of bacteriophage lambda, 

25 the trp, recA, heat shock, lacUV5, tac, Ipp-lacSpr, phoA, and lacZ promoters ofK colU 
promoters of A subtilis^ the promoters of the bacteriophages of Bacillus, Streptomyces 
promoters, the int promoter of bacteriophage lambda, the bla promoter of pBR322, and 
the CAT promoter of the chloranq>henicol acetyl transferase gene. Prokaiyotic 
promoters have bera reviewed by Glick, J. Ind Microbiol. 7:277 (1987), Watson et al., 

30 Molecular Biology of the Gene, 4th Ed. (Benjamin Cummins 1987), and by Ausubel et 
al (1995/ 

Illustrative prokaryotic hosts include K coli and Bacillus subtilus. 
Suitable strains of E. coli include BL21(DE3), BL21(DE3)pLysS, BL21(DE3)pLysE, 
DHl, DH4I, DH5, DH51, DH5IF', DH51MCR, DHIOB, DH10B/p3, DHllS, C600, 
35 HBlOl, JMlOl, JM105, JM109, JMllO, K38, RRl, Y1088, Y1089, CSH18, ER1451, 
and ER1647 (see, for example. Brown (ed.). Molecular Biology Labfax (Academic 
Press 1991)). Suitable strains of Bacillus subtilus include BR151, YB886, ND119, 
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MI120. and B170 (see, for example, Hardy, "Bacillus Cloning Methods," in DNA 
Cloning: A Practical Approach, Glover (ed.) (IRL Press 1985)). 

When e^qjressing a Zace2 polypeptide in bacteria such as E, coliy the 
polypeptide may be retained in the cytoplasm, typically as insoluble granules, or may 
5 be directed to the periplasmic space by a bacterial secretion sequence. In the former 
case» the cells are lysed, and the granules are recovered and denatured using, for 
example, guanidine isothiocyanate or urea. The denatured polypeptide can then be 
refolded and dimerized by diluting the denaturant, such as by dialysis against a solution 
of urea and a combination of reduced and oxidized glutathione, foUowed by dialysis 
10 against a buffered saline solution. In the latter case, the polypeptide can be recovered 
, , from the periplasmic s . , 

^h.^foticxamflc^ scmication or osmotic shock) to release tiie contents of tiie perq)lasmic ~. 
space and recovering the protein, th^by obviating the need for denaturation and 
ref hlding 

15 Methods for expressing proteins in prokaryotic hosts are well-known to 

those of ^1 in the art (see, for sample, Williams et al, "Expression of foreign 
proteins in K mli using plasmid vectors and purification of specific polyclonal 
antibodies,^ in DNA Cloning 2: Expression Systems, 2nd Edition^ Glover ei al (eds.), 
page 15 (Oxford University Press 1995), Ward et al, ''Genetic Manipulation and 

20 Expression of Antibodies,*^ in Monoclonal Antibodies: Principles and Applications, 
page 137 (Wiley-Liss, Inc. 1995), and Georgiou, "Expression of Proteins in Bacteria,'* 
in Protein Engineering: Principles and Practice, Cleland et al. (eds.X ps^Sfi 101 (J(dm 
Wiley & Sons, Inc. 1996)). 

Standard methods for introducing expiession vectors into bacterial, yeast, 

25 insect, and plant cells are i»ovided, for example, by Ausubel (1995). 

General methods for esqpressing and recovering foreign protein produced 
by a mammalian ceU ^stem are provided by, for exanq)le, Etchevoiy, ""Expression of 
Engineered Proteins in Mammalian Cell Culture," in Protein &tgineering: Principles and 
Practice, Cleland et aL (eds.), pages 163 (\^ey-Liss, Inc. 1996). Standard techniques for 

30 recovering protein {noduced by a bacterial system is provided by, for example, 
Grisshammer et al, ""Purification of over-produced proteins fix)m £. coli cells," in DNA 
Cloning 2: Expression Systems, 2nd Edition, Glover et al (eds.), pages 59-92 (Oxford 
University Press 1995). Established methods for isolating recombinant proteins from a 
baculovirus system are described by Richardson (ed.), Baculovirus Expression 

35 Protocols (The Humana Press, Inc. 1 995). 

As an alternative, polypeptides of the present invention can be 
S3aithesized by exclusive solid phase synthesis, partial solid phase methods, fragment 
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condensation or classical solution synthesis. These synthesis methods are well-knoAvn 
to those of skill in the art (see,, for example, Merrifield, 7. Am. Chem, Soc. ^5:2149 
(1963), Stewart et aL, ""Solid Phase Peptide Synthesis" (2nd Edition), (Pierce Chemical 
Co. 1984), Bayer and Rapp, Chem, Pept ProL 3:3 (1986), Atherton et al,. Solid Phase 
5 Peptide Synthesis: A Practical Approach (IRL Press 1989), Fields and Colowick, 
'"Solid-Phase Peptide Synthesis,** Methods in Enzymology Volume 289 (Academic Press 
1997), and Lloyd- Williams et al,. Chemical Approaches to the Synthesis of Peptides 
and Proteins (CRC Press, Inc. 1997)). Variations in total chemical synthesis strategies, 
such as ""native chemical ligation'' and ""expressed protein ligation** are also standard 
10 (see, for ocanq)le, Dawson et aL, Science 266:776 (1994), Hackery et al,, Proc. Natl 
Aca±ScL USA 94aUS (1997), Dawson, A/e//iod5f>igOTioi 
. .^^^r^^ p^ AccO. ScL USA 95:6705 (1998X and Severinov and Muir, J. ^A Chem. 
273:16205(1998)). 

w . -.^^-^ ^ i^s^-^ ^Peptides and polypeptides of Ae present ihventioh comprise at leas^ 

15 at least nine, or at least 15 contiguous amino acid residues of SEQ ID N0s:2, 6, or 9. 
Within certain embodiments of the invention, the polypeptides conq)rise 20, 30, 40, 50, 
100, or more contiguous reddues of SEQ ID N0:2, 6, or 9. Nucleic acid molecules 
encoding such peptides and polypeptides are useful as polymerase chain reaction 
primers and probes. 

20 

6. Production ofZacel Fusion Proteins and Conjugates 

Fusion proteins of Zace2 can be used to express Zace2 in a recombinant 
host, and to isolate the produced Zace2. As ctescribed below, particular Zace2 fusion 
proteins also have uses in diagnosis and then^y. 

25 One type of fusion protein comprises a pq>tide that guides a Zac^ 

polypeptide fiom a recombinant host cell. To direct a Zace2 polypq>tide into the 
secretory pathway of a eukaiyotic host ceU, a secretory signal sequence (also known as 
a signal peptide, a leader sequence, prepro sequmoe or pre sequence) is provided in the 
Zace2 expression vector. While the secretory signal sequence may be derived fix)m 

30 Zace2, a suitable signal sequence may also be derived fipom another secreted protein or 
synthesized de novo. The secretory signal sequence is operably linked to a Zace2' 
encoding sequence such that the two sequences are joined in the correct reading frame 
and positioned to direct the newly synthesized polypeptide into the secretory pathway 
of the host cell. Secretory signal sequences are commonly positioned 5' to the 

35 nucleotide sequence encoding the polypeptide of interest, although certain secretory 
signal sequences may be positioned elsewhere in the nucleotide sequence of interest 
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(see, eg., Welch et al, U.S. Patent No. 5,037,743; Holland et aL, U.S. Patent No. 
5,143,830). 

Although the secretory signal sequence of Zace2 or another protein 
produced by manunalian cells {e.g., tissue-type plasminogen activator signal sequence, 
5 as described, for example, in U.S. Patent No. 5,641,655) is usefiil for expression of 
Zace2 in recombinant mammalian hosts, a yeast signal sequence is preferred for 
expression in yeast cells. Examples of suitable yeast signal sequences are those derived 
from yeast mating phennone a-factor (encoded by the MFal gene), invertase (encoded 
by the SUC2 gene), or acid phosphatase (encoded by the PH05 gene). See, for 
10 example, Romanose/ a/., "Expression ofCloned Genes in Yeast," in DAM C/o^^^^ ^ 
. ' ^ Practical Approach, 2*^ Edition, Gloyer and Hames (eds.), pages 123-167 (Oxford 

In bacterial cells, it is often desirable to express a heterologous protein 
as a fi^ion protein to decrease toxicity, increase stability, and to enhance recovery of . - . 

15 " tixe expressed protein. For example,* Zdce2 can be expressed as a fusion protein 
comprising a glutathione S-transferase polypqytide. Glutathione S-transferease fusion 
pioteiiis are typicanysoliri>Ie, and easily purifiablefitnn ^cv^ 
glutathione coliunns. In similar approaches, a Zace2 fusion protein comprising a 
maltose binding protein polypeptide can be isolated with an amylose resin colmnn, 
20 while a fusion protein comprising the C-tenninal end of a truncated Protein A gene can : ^ . 
be purified using IgG-Sepharose. Established techniques for expressing a heterologous 
polypeptide as a fusion protein in a bacterial cell are described, for example, by 
Wilfiarns e/ a/., "^Expression of Foreign Proteins in £1 co// Using PI^^ 
PurificatiQii of Specific Polyclonal Antrbodies,** in DMA Cloning 2: A Practical 
25 Approach 2"* Edition, Glover and Hames (Eds.), pages 1 5-58 (Oxford University Press 
1995). In addition, commercially available expression systems are available. For 
example, the PINPOINT Xa protein purification ^stem (Promega Corporation; 
Madison, WI) provides a method for isolating a fusion protein comprising a 
polypeptide that becomes biotinylated during esqiression with a resin that comprises 
30 avidin. 

Peptide tags that are useful for isolating heterologous polypeptides 
expressed by either prokaryotic or eukaryotic cells include polyHistidine tags (which 
have an afiOnity for nickel-chelating resin), c-myc tags, calmodulin binding protein 
(isolated with caLnodulin afiBnity chromatography), substance P, the RYIRS tag (which 
35 binds with anti-RYIRS antibodies), the Glu-Glu tag, and the FLAG tag (wliich binds 
with anti-FLAG antibodies). See, for example, Luo et aL Arch, Biochem. Biophys. 
329:215 (1996), Morganti et aL, Biotechnol Appl Biochem. 23:61 (1996), and Zheng 
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et al. Gene 186:55 (1997). Nucleic acid molecules encoding such peptide tags are 
available, for example, from Sigma-Aldrich Corporation (St. Louis, MO). 

The present invention also contemplates that the use of the secretory 
signal sequence contained in the Zace2 polypeptides of the present invention to direct 
5 other polypeptides into the secretory path^y. A signal fusion polypeptide can be 
made wherein a secretory signal sequmce derived from amino acid residues 1 to 18 of 
SEQ ID N0s:2, 6 or 9 is operably linked to another polypeptide using methods known 
in the art and disclosed herein. The secretory signal sequence contained in the fusion 
polypeptides of the present invention is preferably fused amino-terminally to an 

10 additional peptide to direct the additional peptide into the secretory pathway. Such 
constructs have numerous {^plications known in the art. For exanq>le» these novel 

^ secretory isignal sequence fiision constructs can direct the seatdsm of an active 

component of a normally nonrsecreted protein, such as a receptor. Such fusions may be 
used in a transgenic animal or in a cultured recombiiiant host to direct peptides throu 

15 Ae secretory pathwiQr. With regard to the latter, exemplary polypeptides include 
phaimaceutically active molecules such as Factor Vila, proinsulin, insulin^ follicle 
st hn ufat ing hormone; tissue type plasmiiK)gen activator; tumor necrosis factor, 
mterleukins (e.g., mterleukin-1 (IL-1), IL.2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL.9, IL- 
10, IL-11, IL-12, IL-13, IL-14, and IL-15), colony stimulating factors (eg., 

20 granulocyte-colony stimulating factor (G-CSF) and granulocyte macrophage-colony 
stimulating factor (GM-CSF)), interferons (e.g., interferons-a, -p, -y, -co, -5, and -x), the 
stem cell growth factor designated "SI factor,** erythropoietin, and thrombopoietiiL 
The Zac^ secretory signal sequence contained in flie fusion polypeptides of the present 
invention is preferably fused amino-terminally to an additional peptide to direct the 

25 additional pq>tide into the secretory pathway. Fusion proteins comprising a Zace2 
secretory signal sequence can be constructed using standard techniques. 

Another form of fusion protein comprises a Zace2 polypeptide and an 
immunoglobulin heavy chain constant region, typically an F^ fragment, which contains 
two or three constant region domains and a hinge region but lacks the variable region. 

30 As an illustration, Chang ei aL, U.S. Patmt No. 5,723,125, describe a fusion jHOtein 
comprising a human interferon and a human immimoglobulin Fc fragment The C- 
terminal of the interferon is linked to the N-terminal of the Fc fragment by a peptide 
linker moiety. An example of a peptide linker is a peptide comprising primarily a T 
cell inert sequence, which is immunologically inert. An exemplary peptide linker has 

35 the amino acid sequence: GGSGG SGGGG SGGGG S (SEQ ID N0:4). In this fusion 
protein, a preferred Fc moiety is a human y4 chain, which is stable in solution and has 
little or no complement activating activity. Accordingly, the present invention 
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contemplates a Zace2 fusion protein that comprises a Zace2 moiety and a hiunan Fc 
fragment, wherein the C-terminus of the Zace2 moiety is attached to the N-terminus of 
the Fc fragment via a peptide linker, such as a peptide consisting of the amino acid 
sequence of SEQ ID N0:4. The 2^ace2 moiety can be a Zace2 molecule or a fiagmmt 
5 thereof For example, a fusion protein can comprise a fiagment of Zace2 that contains 
the catalytic domain {e.g., a soluble Zace2 fragment) and an Fc fragment (e.g., a human 
Fc fragment). 

In another variation, a Zace2 fusion protein comprises an IgG sequence, 
a Zace2 moiety covalently joined to the aminoterminal end of the IgG sequence, and a 

10 signal peptide that is covalently joined to the aminoterminal of the Zace2 moiety, ^ 
, wherein the IgG sequence consists of the following elements in the following order: a 
hinge i^on, a CH2 domain, and a CH3 domain. Aconxlingly, fte IgG seqi^nce lades a 
CH| domain. The Zace2 moiety displays a Zace2 activity, as described herein, such as 
the ability to react with a substrate. This general approach to producing fusion proteins 

15 that comprise both antibody and nonantibody portions has been described by 
LaRocfaeUee/ ai, EP 742830 (WO 95/21258). 

Fusion proteins comprising a Zace2 moiety and an Fc moiety can be 
used, for example, as an in vitro assay tool. For example, the presence of an Zace2 
substrate in a biological sample can be detected using a Zac^-immunoglobulin fusion 

20 protein, in which the Zace2 moiety is used to bind the substrate, and a macromolecule, 
such as Protein A or anti-Fc antibody, is used to bind the fusion protein to a solid 
si^>porL Sudi systems can also be used to idoitify agonists and antagonists that 
interfere with the binding of Zace2 to its receptor. 

Otho* examples of antibody fusion proteins include polypeptides that 

25 comprise an antigen-binding domain and a Zace2 fragment that contains a Zace2 
catalytic domain. Such molecules can be used to target particular tissues for the benefit 
of Zace2 enzymatic activity. 

The present invention further provides a variety of other polypeptide 
iu^ons. For example, a Zac^ polypeptide (corresponding to the C donuun of somatic 

30 ACE) can be prepared as a fusion to an N domain of somatic ACE. The native Zace2 
signal sequence may also be recombinandy exchanged with the signal sequence of 
somatic ACE or tACE. Likewise, the transmembrane domain of Zace2 may be 
recombinantly exchanged with that of somatic ACE or tACE. Tte catalytic domain of 
Zace2 can also be recombinantly exchanged for the corresponding region of somatic 

35 ACE, tACE, thermolysin or another zinc metalloprotease. Accordingly, part or all of a 
domain(s) conferring a biological function can be swapped between Zace2 of the 
present invention with the functionally equivalent domain(s) from another family 
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member, such as tACE or somatic ACE. Polypeptide iusions can be expressed in 
recombinant host cells to produce a variety of Zace2 fusion analogs. A Zace2 
polypeptide can be fused to two or more moieties or domains, such as an affinity tag for 
purification and a targeting domain. Polypeptide fusions can also comprise one or 
5 more cleavage sires, particularly between domains. See, for example, Tuan et aL, 
Connective Tissue Research 34:1 (1996). 

Fusion proteins can be prepared by methods known to those skilled in 
the art by preparing each component of the fusion protein and chemically conjugating 
them. Alternatively, a polynucleotide encoding both components of the fusion irotein 
10 in the proper reading fiame can be generated using known techniques and expressed by 
the methods desaribed herein. G^ieral methods for oi^matic and chemical cleavage 
V ' V offiisioninroteinsaie described^ iinrexample,^!^ 16-19 to 16^ 

25. 

The present invention also contemplates chemically modified Zace2 
15 compositions, in which a Zace2 polypeptide is linked with a polymer. Preferred Zace2 
polypeptides are soluble polypq>tides that lack a functional transmembrane domain. 
TypicaUy, the polym^ is water soluble so that the Zace2 conjugate d^ 
m an aqueous envkonment, such as a physiological envuronment An example of a 
suitable polymer is one that has been modified to have a single reactive group, such as 
20 an active ester for acylation, or an aldehyde for alkylation. In this way, the degree of 
polymerization can be controlled. An example of a reactive aldehyde is polyethylene 
glycol propionaldehydc, or mono-(Cl-C10) alkoxy, or aryloxy derivatives thereof (see, 
for example, Harris, e/ a/., U^. Patent No. 5,252,714). The polymer may be branched 
or unbranched. Moreover, a mixture of polymers can be used to produce Zace2 
25 conjugates. 

Zace2 conjugates used for therapy can comprise pharmaceutically 
acceptable water-soluble polymer moieties. Suitable water-soluble polymers include 
polyethylene glycol (PEG), monomethoxy-PEG, mono-(Cl.C10)alkoxy.PEG, aryloxy- 
PEG, poly-(N-vinyl pynolidone)PEG, tre^l monomethoxy PEG, PEG 

10 propionaldehyde, to-succinimidyl carbonate PEG, propylene glycol homopolymers, a 
polypropylene oxide/ethylene oxide co-polymer, polyoxyethylated polyols (e.g., 
glycerol), polyvinyl alcohol, dextran, cellulose, or other carbohydrate-based polymers. 
Suitable PEG may have a molecular weight fix)m about 600 to about 60,000, includmg, 
for example, 5,000, 12,000, 20,000 and 25,000. A Zace2 conjugate can also comprise a 

35 mixture of such water-soluble polymers. 

One example of a Zace2 conjugate comprises a Zace2 moiety and a 
polyalkyl oxide moiety attached to the A^-terminus of the Zace2 moiety. PEG is one 
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suitable polyalkyl oxide. As an illustration, Zace2 can be modified with PEG, a pn)cess 
known as "'PEGylation.'* PEGylation of Zace2 can be carried out by any of the 
PEGylation reactions known in the art (see, for example, £P 0 1S4 316, Delgado ei al. 
Critical Reviews in Therapeutic Drug Carrier Systems 9:249 (1992), Duncan and 
S Spreafico, Clin. Pharmacokinet. 27:290 (1994), and Francis et al. Int J Hematol 68:1 
(1998)). For example, PEGylation can be performed by an acylation reaction or by an 
alkylation reaction with a reactive polyethylene glycol molecule. In an alternative 
approach, Zace2 conjugates are formed by condensing activated PEG, in which a 
terminal hydroxy or amino group of PEG has been replaced by an activated linker (see, 

10 for example, Karasiewicz et al.^ U.S. Patent No. 5382,657). 

PEGylation by acylation typically requires reacting an active ester 
< derivative of PEG with a Zace2 polypeptide. An example of an activated PEG ester is 
PEG esterified to iV-hydro3^succinimide. As used herein, the term ^acylation** includes 
the following types of linkages between Zace2 and a water soluble polymer amide, 

15 carbamate, methane, and the like. Methods for preparing PEGylated Zace2 by acylation 
will typically conqprise the stags of (a) reacting a Zace2 polypqitide with PEG (such as 
a reactive ester of an aldehyde derivative of PEG) under conditions whereby one or 
more PEG groups attach to Zace2, and (b) obtaining the reaction pn)duct(s). Generally, 
the optimal reaction conditions for acylation reactions will be determined based upon 

20 known parameters and desired results. For example, the larger the ratio of PEG:Zace2, 
the greater the percentage of polyPEGylated Zace2 product. 

The product of PEGylation by acylation is typically a polyPEGylated 
Zace2 product, wherein the lysine e-amino groups are PEGylated via an acyl linking 
gn>iq>. An example ofa connecting linkage is an amide. Typically, the resulting Zace2 

25 will be at least 95% mono-, di-, or tri-pegylated, although some species with higher 
degrees of PEGylation may be formed depending upon the reaction conditions. 
PEGylated species can be separated fiom unconjugated Zace2 polypeptides using 
standard purification methods, such as dialysis, ultrafiltration, ion exchange 
chn>matogrq)hy, afiBnity chromatognq>hy, and the like. 

30 PEGylation- by all^lation generally involves reacting a terminal 

aldehyde derivative of PEG with Zace2 in the presence of a reducing agent PEG 
groups are preferably attached to the polypeptide via a -CH2-NH group. 

Derivatization via reductive alkylation to produce a monoPEGylated 
product takes advantage of the differential reactivity of different types of primary 

35 amino groups available for derivatization. Typically, the reaction is performed at a pH 
that allows one to take advantage of the pKa differences between the 8-amino groups of 
the lysine residues and the a-amino group of the iV-terminal residue of the protein. By 
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such selective derivatizadon, attachment of a water-soluble polymer that contains a 
reactive group such as an aldehyde, to a protein is controlled. The conjugation with the 
polymer occurs predominantly at the ^-terminus of the protein without significant 
modification of other reactive groups such as the lysine side chain amino groups. The 
5 present invention provides a substantially homogenous preparation of Zace2 
monopolymer conjugates. 

Reductive alkylation to produce a substantially homogenous population 
of monopolymer Zace2 conjugate molecule can comprise the steps of: (a) reacting a 
Zace2 polypeptide with a reactive PEG under reductive alkylation conditions at a pH 
10 suitable to permit selective modification of the a-amino group at the amiiK> terminus of 
, the Z ac e 2, and (b) obtaining the reaction product(s). The reducing agent used for 
WJv- reductive alkylate diould be stable in aqueous solution and preferably be able to 
reduce only the SchiiT base formed in the initial process of reductive alkylation. 
Preferred reducing agents include sodium borohydride, sodium cyanoborohydride, 
IS dimethylamine borane, trimethylamine borane, and pyridine borane. 

For a substantially homogenous population of monopolymer Zace2 
conjugates, the reductive alkylation reaction conditions are those which permit the 
selective attadmient of the water soluble polymer moiety to the iS^-terminus of Zace2. 
Such reaction conditions gmerally {xovide for pKa differences between the lysine 
20 amino groiq)5 and the a-amino group at the Mterminus. The pH also affects the ratio 
of polymer to protein to be used. In general, if the pH is lower, a larger excess of 
polymer to protein will be desired because the less reactive the iV-tenninal a-gro^p, the 
more polymer is needed to achieve optimal conditions. If the pH is higher, the 
poIymenZace2 need not be as large because more reactive groups are available. 
25 Typically, the pH will fall within the range of 3 to 9, or 3 to 6. 

Another factor to consider is the molecular weight of the water-soluble 
polymer. Generally, the higher the molecular weight of the polymer, the fewer number 
of polymer molecules, ^ch may be attached to the protein. For PEGylation reactions, 
the typical molecular weight is about 2 kDa to about 100 kDa, about S kDa to about 50 
30 kDa, or about 12 kDa to about 25 kDa. The molar ratio of water-soluble polymer to 
Zace2 will generally be in the range of 1:1 to 100:1. Typically, the molar ratio of 
water-soluble polymer to Zace2 will be 1:1 to 20:1 for polyPEGylation, and 1:1 to 5:1 
for monoPEGylation. 

General methods for producing conjugates comprising a polypeptide and 
35 water-soluble polymer moieties are known in the art. See, for example, Karasiewicz et 
al, U.S. Patent No. 5,382,657, Greenwald et al., U.S. Patent No. 5,738, 846, Nieforth 
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et al, Clin. Pharmacol Ther. 59:616 (1996), Monkarsh et al. Anal Biochem. 247:434 
(1997)). 

The present invention contemplates compositions comprising a peptide 
or polypeptide described herein. Such compositions can further comprise a canier. 
5 The carrier can be a conventional organic or inoiganic carrier. Examples of carriers 
include water, buffer solution, alcohol, propylene glycol, macrogol, sesame oil, com 
oil, and the like. 



7. Isolation ofZacol Polypepttdos 

10 The polypeptides of the present mvention to can be purified to at least 

abom 80% purity, to at least about 90% puri^^ 

gr^er than 95% purity i;vith respect to contaminating macromolecules, particulariy 
other proteins and nucleic acids^ and fiee of infectious and pyrogenic agents. The 
polypeptides of the present invention nmy also be purified to a pharmaceuticallypw r 
15 state, which is greater than 99.9% pure. In certain preparations, a purified polypeptide 

fiee of other polypqitides^ particularty other polypeptides of animal *9f^^^* > . 

origin. 

Fractionation and/or conventional purification methods can be used to 
obtain preparations of Zace2 purified fiom natural sources (e.g., testicular tissue), 

20 synthetic Zace2 polypeptides, and recombinant Zace2 polypeptides and fusion Zace2 
polypeptides purified fipom recombinant host cells. In general, ammonium sulfate 
predpitatiori aiul add or diaotrc^ extraction may be used fi»^ fiactto 
Exenqjlary porificatkm steps may include hydroxy^iatite,^ size exclusion, FPLC and 
reverse-phase high performance liquid chromatography. Suitable chromatogn^hic 

25 media include dmvatized dextrans, agarose, cellulose, polyacrylamide, specialty 
silicas^ and the like. PEI, DEAE, QAE and Q derivatives are prefened. Exemplary 
chromatographic media include those media derivatized with phenyl, butyl, or octyl 
groups, such as Phenyl-Sepharose FF (Pharmacia), Toyopearl butyl 650 (Toso Haas, 
Montgomeryville, PA), Octyl-Sepharose (Pharmacia) and the like; or polyacrylic resins, 

30 such as AmbCTchrom CG 71 (Toso Haas) and the like. Suitable solid supports include 
glass beads, silica-based resins, cellulosic resins, agarose beads, cross-linked agarose 
beads, polystyrme beads, cross-linked polyacrylamide resins and the like that are 
insoluble under the conditions in ^lich they are to be used. These supports may be 
modified with reactive groups that allow attachment of proteins by amino groups, 

35 carboxyl groups, sulfliydryl groups, hydroxyl groups and/or carbohydrate moieties. 
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Examples of coupling chemistries include cyanogen bromide activation, 
N-hydroxysuccinimide activation, epoxide activation, sulfhydryl activation, hydrazide 
activation, and carboxyl and amino derivatives for carbodiimide coupling chemistries. 
These and other solid media are well known and widely used in the art, and are 
S available from commercial suppliers. Selection of a particular method for polypeptide 
isolation and purification is a matter of routine design and is determined in part by the 
properties of the chosen support. See, for example. Affinity Chromatography: 
Principles & Methods (Pharmacia LKB Biotechnology 1988), and Doonan, Protein 
Purification Protocols (The Humana Press 1996). 
10 Additional variations in Zace2 isolation and purification can be devised 

: by those of skiU in the art For exaniple, anti-Zace^ 
^ ^^^^ can be ised to isolate large quantities ofprotetn by immunoaffinity purification/-^^-^^^^ 

Moreover, methods for binding enzymes, such as Zace2, to substrates 
boimd to siqqx>rt media arc weU 1^ For example, the polypqrtides of the ^-^^^^s^^^^^^ ^ ^ f 

1 5 present invention can be isolated by exploitation of their homology to somatic ACE and 

tACE. These enzymes can be purified by affinity cfaromatogm)hy usuag the ACE ; ^ . 

mhibitor lisinopril [A^[(5)-l<aiboxy-^^^ 

a solid suiq)ort Improved purification yields can be obtained using a 28 A, rather than 
a 14 A, spacer between ligand and solid support 

20 The polypeptides of the present invention can also be isolated by 

exploitation of particular properties. For example, inmiobilized metal ion adsorption 
(IMAC) chrcmiatograi^y can be used to purify histidine-rich pn>teins, indw^^ 
comprising polyhistidine tags. Briefly » a gel is first charged with divalent metal ions to 
form a chelate (Sulkowrski, Trends in Biochem. 3:\ (1 985)). Histidine-rich proteins will 

25 be adsorbed to th^^ matrix with differing afiinities, depending upon the metal ion used, 
and will be eluted by competitive elution, lowering the pH, or use of strong chelating 
agents. Other methods of purification include purification of glycosylated proteins by 
lectin affinity chromatography and ion exchange chromatography (M. Deutscfaer, (ed.), 
Meth EnzymoL 182:529 (1990)). Widiin additional mibodiments of the invention, a 

30 fiision of the polypeptide of interest and an affinity tag {e.g.. maltose-binding protein, 
an immunoglobulin domain) may be constructed to facilitate purification. 

Zace2 polypeptides or fiagments thereof may also be prepared through 
chemical synthesis, as described below. Zace2 polypeptides may be monomers or 
multimers; glycosylated or non-glycosylated; PEGylated or non-PEGylated; and may or 

35 may not include an initial methionine amino acid residue. 
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8. Zace2 Analogs and Zace2 Inhibitors 

One general class of Zace2 analogs are variants having an amino acid 
sequence that is a mutation of the amino acid sequence disclosed herein. Another 
general class of Zace2 analogs is provided by anti-idiotype antibodies, and fragments 
5 thereof, as described below. Moreover, recombinant antibodies comprising anti- 
idiotype variable domains can be used as analogs (see, for example, Monfardini et al, 
Proc, Assoc. Am. Physicians 108:420 (1996)). Since the variable domains of anti- 
idiotype Zace2 antibodies mimic Zace2, these domains can provide Zace2 enzymatic 
activity. Methods of producing anti-idiotypic catalytic antibodies are known to those of 
10 skill in the art (see, for example, Joron el aL Ann. N Y Acad Sci 672:216 (1992), 
Friboulet et aL, Appl Biochem. Biotechnol 47'J19 (1 994), and Avalle et al., Ann, NY 

Another s^proadi to identifying Zace2 analogs is provided by the use of 
combinatorial libraries. Methods for constructing and screening phage display and 
15 other combinatorial libraries are provided, for example, by Kay et al , Phage Display of 
Peptides and Proteins (Academic Press 1996), Verdine, U.S. Patent No. 5 J83384, 

"^"^ "^^^ ^Ka^ 

One illustrative in vitro use of Zace2 and its analogs is the production of 
labeled angiotensin II. For example, angiotensin I, radiolabeled at its N-tenninus, can 

20 be incubated in the presence of Zace2 or an active variant Zace2. The product of the 
reaction will be radiolabeled angiotensin 11. This radiolabeled molecule can be used to 
stiuly the metabolism of angiotensin II in vitroy or to observe the tissue distribution of 
administered angiotensin II in vfvo. 

The activity of Zace2 molecules of the present invention can be 

25 measured using a variety of assays that measure catalytic activity of the enzyme in the 
presence or absence of zinc, or that measure the effects of chloride or other monoanions 
on the catalytic activity of Zac^. In addition, the Zace2 polypeptides can be 
characterized by measuring the zinc content of these polypeptides. Radiolabeled ACE 
inhibitors are usefiil for detecting high-affinity binding sites in zinc metallopiotease 

30 family members. One or more mutations of putative critical or important residues, in 
conjunction with known assays of ACE activity, permit analysis of mutational effects 
on Zace2 structure, en^me activity, and immunological activity. In addition, both 
synthetic and natural ACE substrates can be useful in characterizing variant or mutated 
Zace2 polypeptides. Studies that examine the interaction of Zace2 and competitive 

35 ACE inhibitors also can be employed to assay and characterize 21ace2 polypeptides. 
Such assays are well known in the art. For a general reference, see Corvol et al, Meth 
Enzymol 246:2%3 (1995). See also Williams et al.. J. Biol Chem. 25P:29430 (1994), 
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Sturrock et al, Biochem. 55:9560 (1996), and Michaud et aL Molec. Pharmacol. 
57:1070(1997). 

As an illustration, a 21ace2 variant can be tested for ACE activity using 
hippuiyl-L-histid\i-L-ieucine (Hip-His-Leu) as a substrate (see, for example. Sen et aL, 
5 J. Biol. Clwm. 268:2574S (1993)). In one version of this assay, a solubilized test 
polypeptide is incubated in 0.4 M sodium borate buffer (pU 8.3) containing 300 mM 
sodium chloride for about 15 to 30 minutes at 37^C in the presence of varying 
concentrations of Hip-His-Leu (e.g., OA to 5 mM). The amount of His-Leu liberated by 
the test polypeptide is measured fluorometrically. Hip-His-Leu can also be used to 

10 identify Zace2 inhibitors by measuring the suppression of the cleavage of the substrate. ; 

Other ACE substrates are known to those of skill in the art. For 
example, Isa^ et al.. Biochem. J. 328:591 (1997), havediown that polypeptides having 
Lys/Arg-Arg at the C-terminus are high-afiinity substrates for himian tACE. Another 
useful substrate to measure ACE activity is f H]benzol-Phe-Ala-Pro (Howell et ai. Am. 

15 J. Physiol. 25«:L188 (1990)). 

Solid phase systons can also be used to idratify a substrate or inhibitor 
of a 2^ace2 receptor polypeptide. For example, a Zace2 polypqitide or Zace2 fb^on 
protein can be inunobilized onto die surface of a receptor chip of a conunercially 
available biosras(»r instrument (BIACORE, Biacore AB; Uppsala, Sweden). The use of 

20 this instrument is disclosed, for example, by Karisson, Immunol. Metfwds 145:729 
(1991X and Cunningham and Wells, J. Mol. Biol 234:5SA (1993). 

In brief^ a Zace2 polypq[>tide or fusion protein is covalently attached, 
using amine or sulfiiydryl chemistry, to d^ctran fibers that are attached to gold film 
within a flow cell. A test sample is then passed through the cell. If a Zace2 substrate or 

25 inhibitor is present in the sample, it will bind to the immobilized polypeptide or fusion 
protein, causing a change in the refiractive index of the medium, which is detected as a 
change in sur&ce plasmon resonance of the gold film. This system allows the 
detemiination on- and off-rates, from which binding afBnity can be calculated, and 
assessment of the stoichiometry of binding, as well as the kinetic effects of Zace2 

30 mutation. This system can also be used to examine antibody-antigen interactions, and 
the interactions of other complement/ianti-complement pairs. 

Accordingly, polypeptides of the present invention are useful as targets 
for identifying modulators of zinc protease activity. More particularly, Zace2 
polypeptides are usefiil for screening or identifying new ACE inhibitors. The Zace2 

35 polypeptides can also be used as a basis for rational drug design of inhibitory 
molecules. These newly identified inhibitory molecules may be more specific or more 
potent than known ACE inhibitors. Moreover, Zace2 inhibitors may exhibit a more 
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favorable side effect profile than known ACE inhibitors. For example, Zace2 may 
contribute to certain unwanted side effects of ACE inhibitors, and as such, Zace2 would 
be useiiil to identify more specific ACE inhibitors. 

In addition, inhibitory molecules identified using Zace2 polypeptides as 
5 a target may modulate different biological or physiological activities than known ACE 
inhibitors (e.g., the inhibitors may be effective for disorders other than those related to 
blood pressure and water and salt homeostasis). 2^e2 inhibitors may provide broader 
inhibition than just ACE inhibition (for instance, these inhibitors may modulate many 
metalloprotease family members). Because Zace2 is more closely homologous to 
10 tACE than somatic ACE, Zace2 may permit selection of domain-specific inhibitors 

(those that inhibit the active site correq[x>nding to the C domain of somatic ACE). ^ 
- * ' " Thus, aZace2 inhil^^ , 
effects, but have minimal or no effect on regulating hematopoiesis. Zace2 inhibitors 
- may beneficially improve the status of patients with cardiovascular disease, and - - ' ^ 
15 atherosclerotic vascular disease in particular, or renal disease, and diabetic nephropathy 
in particular. The effects of Zace2 inhibitors can be measured in vitro using cultured 
cells or in vivo by administering molecules of the claimed invention to the appropriate 
animal model. 

The measurement of Zace2 enzyme activity can also be used for 
20 diagnosis. For exanq)Ie, the measurement of serum ACE activity levels provides useful 
information for the diagnosis of sarcoidosis and response to treatment (Studdy, Lancei 
2(8104-5):mi (1978)X 

9. Production of Antibodies to Zace2 Proteins 

25 Antibodies to Zace2 can be obtained, for example, using the product of a 

Zace2 expression vector or Zac^ isolated from a natural source as an antigen. 
Particularly usefiil anti-Zace2 antibodies ''bind specifically'' with Zac^. Antibodies are 
considered to be specifically binding if the antibodies exhibit at least one of the 
following two properties: (1) antibodies bind to Zace2 with a threshold level of binding 

30 activity, and (2) antibodies do not significantly cross-react with polypeptides related to 
Zace2. 

With regard to the first characteristic, antibodies specifically bind if they 
bind to a Zace2 polypeptide, peptide or epitope with a binding affinity (Ka) of 10* M ' 
or greater, preferably 10' M"' or greater, more preferably 10* M'' or greater, and most 
35 preferably 10* M ' or greater. The binding affinity of an antibody can be readily 
detennined by one of ordinary skill in the art, for example, by Scatchard analysis 
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(Scatchard, Ann, NY Acad Sci, J/:660 (1949)). With regard to the second 
characteristic, antibodies do not significantly cross-react with related polypeptide 
molecules, for example, if fhey detect Zace2, but not presently known polypeptides 
using a standard Western blot analysis. Examples of known related polypeptides are 
5 known angiotensin converting enemies, such as human somatic ACE and tACE. 
Highly specifically bmding anti-human Zace2 antibodies bind with human Zace2, but 
not murine Zace2, while highly specific anti-murine Zace2 antibodies bind with murine 
Zace2, but not with human Zace2. 

Anti-Zace2 antibodies can be produced using antigenic Zace2 epitope- 
10 bearing peptides and polypeptides. Antigenic epitope-bearing peptides and 
polypeptides of the present invention contain a seqiience of at least jaine, or between 1^ 
to about 30 aniino adds coiitaiiied within SEQ ID NOs:2^ 6, ^ 

polypeptides comprising a larger portion of an amino add sequence of the invration, 
. containing fix>m 30 to SO amino acids, or any length up to and including the entire 

15 amino add sequence of a polypeptide of the invention, also are usefiil for inducing 
antibodies diat bind with Zace2. It is desirable that ^ amino add sequence of the 
epitope-bearmg pqptide IS selected to pnivide substantial solub^ 
(Le., the sequence includes relatively hydrophilic residues, v/tile hydrophobic residues 
are preferably avoided). Moreover, amino add sequences containing proline residues 

20 may be also be desirable for antibody production. 

As an illustration, potential antigenic sites in human Zace2 were 
identified using the Jameson- Wolf method, Jameson and Wolf, CABIOS ^:181, (1988), 
as implemented by Ae PROTEAN iwogram (version 3.14) of LASERGENE 
(DNASTAR; Madison, WI). I>efault parameters were used in this analysis. 

25 The Jameson-Wolf method predicts potential antigenic determinants by 

combining six major subroutines for protdn structural prediction. Briefly, the Hopp- 
Woods method, Hopp ei al.. Proc. Nail Acad Sci USA 78:3924 (1981), was first used 
to identify amino add sequences representing areas of greatest local hydrophilidty 
(parameter sevm residues averaged). In the second step, Emini's method, Emini et al., 

30 / Virology 55:836 (1985), was used to calculate surface probabilities (parameter: 
surface decision threshold (0.6) = 1). Tlurd, the Karplus-Schultz method, Karplus and 
Schultz, Naturwissenschqften 72:212 (1985), was used to predict backbone chain 
flexibility (parameter: flexibility threshold (0.2) =1), In the fourth and fifth steps of the 
analysis, secondary structure predictions were applied to the data using the methods of 

35 Chou-Fasman, Chou, "Prediction of Protein Structural Classes firom Amino Acid 
Composition,** m Prediction of Protein Structure and the Principles of Protein 
Conformation, Fasman (ed.), pages 549-586 (Plenum Press 1990), and Gamier-Robson, 
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Gamier et al, J, MoL Biol. 120:97 (1978) (Chou-Fasman parameters: confoimatioii 
table = 64 proteins; a region threshold = 103; p region threshold = 105; Gamier- 
Robson parameters: a and p decision constants = 0). In the sixth subroutine, flexibility 
parameters and hydropathy/solvent accessibility factors were combined to determine a 
5 surface contour value, designated as the ''antigenic index.'' Finally, a peak broadening 
function was applied to the antigenic index, which broadens major surface peaks by 
adding 20, 40, 60, or 80% of the respective peak value to account for additional free 
energy derived from the mobility of surface regions relative to interior regions. This 
calculation was not applied, however, to any major peak that resides in a helical region, 
10 since helical regions tend to be less flexible. 
, , . The resiilts of this analysis indicated that the foUowing an^ 

v... ^^ i^^^^^e^^^ ID NO:2 :would provide suitable anligj^c peptides: amino adds 19 ^ 

to 26 Tantigenic peptide 1 'O* amino acids 56 to 69 ^antigenic peptide 2*0, amino acids 
135 to 141 C'antigenic peptide 3*0, amino acids 169 to 181 ("antigenic peptide 4").. . . - ^ ^ 

15 amino acids 196 to 210 ("antigenic peptide 5^, amino acids 196 to 236 C*antigenic 

peptide CT), amino acids 285 to 295 ("antigenic peptide 7"), amino acids 426 to 436 . 
T^gemc peptic C^m^^lc^^ 
534 to 552 ("antigenic peptide 10"), and amino acids 698 to 714 C'antigenic peptide 
1 1*0- The preseni invention contemplates the use of any one of antigenic pqptides 1 to 
20 11 to generate antibodies to Zace2. The present invention also contraiplates ' 
polypeptides comprising at least one of antigenic peptides 1 to 1 1 . 

Similarly, Jameson-Wolf analysis of a murine Zace2 polypeptide 
i n di c ate d that the following amino acid sequences of SEQ ID NO:6 would provide 
suitable antigemc peptides: amino adds 19 to 26 ("antigenic peptide 12*0, amino adds 
25 33 to 39 ("antigenic peptide 13*0, 54 to 64 C'antigenic peptide 14*0, amino acids 74 to 
81 C'antigenic peptide 15*0, amino adds 134 to 140 ("antigenic peptide 16"), amino 
acids 156 to 161 ("antigenic peptide 17"), amino acids 204 to 215 ("antigenic pq)tide 
18*0, amino adds 427 to 435 ("antigenic peptide 19*0. amino adds 491 to 499 
("antigenic peptide 20*0, ^ amino adds 596 to 602 ("antigenic peptide 21*0. The 
30 presmt invention contemplates the use of any one of antigenic peptides 12 to 21 to 
generate antibodies to murine Zace2. The present invention also contemplates 
polypeptides comprising at least one of antigenic peptides 12 to 21 . 

Polyclonal antibodies to recombinant Zace2 protein or to Zac^ isolated 
from natural sources can be prepared using methods well-known to those of skill in the 
35 art. See, for example. Green et al, "Production of Polyclonal Antisera," in 
Immunochemical Protocols (Manson, ed.), pages 1-5 (Humana Press 1992), and 
Williams et al, "Expression of foreign proteins in E, coli using plasmid vectors and 
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piirification of specific polyclonal antibodies," in DNA Cloning 2: Expression Systems, 
2nd Edition^ Glover ei al (eds.)» page 15 (Oxford University Press 1995). The 
immunogenicity of a Zace2 polypeptide can be increased through the use of an 
adjuvant, such as alum (aluminum hydroxide) or Freund's complete or incomplete 
5 adjuvant. Polypeptides useful for unmunization also include fusion polypeptides, such 
as fusions of Zace2 or a portion thereof with an immunoglobulin polypeptide or with 
maltose binding protein. The polypeptide immunogen may be a full-length molecule or 
a portion thereof If the polypeptide portion is "hapten-like," such portion may be 
advantageously joined or linked to a macromolecular carrier (such as keyhole limpet 
10 hemocyanin (KLII), bovine serum albumin (BSA) or tetanus toxoid) for immunization. 

. Although polyclonal antibodies are typically raised in animak sudi as 
.^^^ * ^^^^^^^^^ dogs» chicken, iats» inicc,. labbhs^ guinea pigs^ gpats^ or sfaeq>, an anti- y^^^^ 

Zace2 antibo^ of the present invration may also be derived from a subhuman p^^ 
antibody. General techniques for raising diagnostically and therapeutically useful 
15 antibodies in baboons may be found, for example, in Goldenberg ei al.^ international 
patent publication No. WO 91/11465, and in Losman et a/., Int, J, Cancer 46'3\(i 

Alternatively, monoclonal anti-Zac^ antibodies can be generated. 
Rodent monoclonal antibodies to specific antigens may be obtained by methods known 

20 to those skilled in the art (see, for example, Kohler et al. Nature 256:495 (1975), 
Coligan et al (eds.). Current Protocols in Immunology, Vol 7, pages l.S .1-2.6.1 (John 
Wiley & Sons 1991) ["Coligan*!, Picksley et al, "Production of monoclonal antibodies 
against proteins expressed in K coti^ in DNA Cloning 2: Ejqyression Systems^ 2nd 
EtBiiony GlcfveretaL (eds.), page 93 (Oxford University Press 1995)). 

25 Briefly, monoclonal antibodies can be obtained by injecting mice with a 

composition comprising a Zace2 gene product, verifying the presence of antibody 
production by rmioving a serum sample, removing the spleen to obtain B-lymphocytes, 
fusing the B-lymphocytes with myeloma cells to produce hybridomas, cloning the 
hybridomas, selecting positive clones, which produce antibodies to ttie antigen, 

30 culturing the clones that ptodvcc antibodies to the antigen, and isolating the antibodies 
firom the hybridoma cultures. 

In addition, an anti-Zace2 antibody of the present invention may be 
derived fiom a human monoclonal antibody. Human monoclonal antibodies aie obtained 
fiom transgenic mice that have been engineered to produce specific human antibodies in 

35 response to antigenic challenge. In this technique, elements of the human heavy and light 
chain locus are introduced into strains of mice derived from embryonic stem cell lines that 
contain targeted disnq>tions of the endogenous heavy chain and light chain loci. The 
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transgenic mice can synthesize human antibodies specific for human antigens, and the 
mice can be used to produce human antibody-secreting hybridomas. Methods for 
obtaining human antibodies from transgenic mice are described, for example, by Green et 
aL. Nature Genet. 7:13 (1994), Lonbeig et aU Nature i5«:856 (1994), and Taylor et al., 
5 Int. Immun. 6:579 (1994). 

Monoclonal antibodies can be isolated and purified from hyfaridoma 
cultures by a variety of well-established techniques. Such isolation techniques mclude 
affinity chromatography with Protein-A Sepharose, size*excIusion chromatogr^hy, 
and ion-exchange chromatography (see, for example, Coligan at pages 2.7.1-2.7.12 and 

10 pages 2.9. 1-2.9.3; Baines et aL, "Purification of Immunoglobulin G (IgG)," in Methods 
in Molecular Biology, Vol 10,p2^es79A04(JheUui^^ . 
: ; . ^. For particular uses, it may be desirable to prq;>are fatgmftntg of anti* 
Za ce2 antibodies. Such antibody fiagments can be obtained, for example, by 
proteolytic hydrolysis of the antibody. Antibody fi:agmrats can be obtained by pepsin 

15 or papain digestion of whole antibodies by conventional methods. As an illustration, 
antibody fragments can be produced by en^matic cleavage of antibodies with pq)sin to 

■ "^"provide a 5S fi:sq^ent denoted F(Bb%l 'This fre^eht can be finrtfier cicifveci vsiag a 
thiol reducing agent to [mxluce 3.SS Fab' monovalent fragments. Optionally, the 
cleavage reaction can be perfonned using a blocking group for the sulfhydryl groups 

20 that result from cleavage of disulfide linkages. As an alternative, an en27matic 
cleavage using pepsin produces two monovalent Fab fiagments and an Fc fragment 
directly. These methods are described, for example, by Goldenberg, U.S. patent No. 
4331,647, NisonoflFer a/.. Arch Biochem, Biophys, 89Q30 (1960X Porter, Biochem. J. 
73:1 19 (1959), Edefanan et al.^ in Methods in Enzymology Vol /, page 422 (Academic 

25 Press 1967), and by Coligan at pages 2.8.1-2.8.10 and 2.10.-2.10.4. 

Other methods of cleaving antibodies, such as separation of heavy 
chains to form monovalent light-heavy chain fragments, fiirther cleavage of fiagments, 
or other en^matic, chemical or genetic techniques may also be used, so long as the 
firagments bind to the antigen that is recognized by the intact antibody. 

30 For example, Fv firagments comprise an association of V„ and V|^ chains. 

This association can be noncovalent, as described by Inbar et al, Proc. Natl Acad. Set. 
USA 692659 (1972). Alternatively, the variable chains can be linked by an 
intermolecular disulfide bond or cross-linked by chemicals such as glutaraldehyde (see, 
for example, Sandhu, Crit. Rev. Biotech 12:437 (1992)). 

35 The Fv fiagments may comprise and chains, which are connected 

by a peptide linker. These single-chain antigen binding proteins (scFv) are prepared by 
constructing a structural gene comprising DNA sequences encoding the V„ and V^^ 
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domains, which are connected by an oligonucleotide. The structural gene is inserted 
into an expression vector, v/tnch is subsequently introduced into a host cell, such as E 
colL The recombinant host cells synthesize a single polypeptide chain with a linker 
peptide bridging the two V domains. Methods for producing scFvs are described, for 
5 example, by Whitlow et al. Methods: A Companion to Methods in Enzymology 2:91 
(1991) (also see. Bird et al. Science 242:423 (1988), Ladner et al, U.S. Patent No. 
4,946,778, Pack et al, Bio/Technology 7/:1271 (1993), and Sandhu, supra). 

As an illustration, a scFV can be obtained by exposing lymphocytes to 
Zace2 polypeptide in vitro, and selecting antibody display libraries in phage or similar 
10 vectors (for instance, through use of immobilized or labeled Zac^ protein or peptide). 
Genes encoding polypeptides having potential Zacc2 polypeptide binding domains can 
^ be obtained by screening random peptide libraries di^Iayed on phage (phage dispkry^) 
or on bacteria, such as K coli. Nucleotide sequences encoding the polypeptides can be 
. in a nuniber of wayss such as t|i^ rapdpn^^ mutagenesis and random 

15 polynucleotide synthesis. These random peptide display libraries can be used to screen 
for peptides, which interact with a known target, which can be a protein or polypqyttde, 
sucn as a Iigand or recqytor, a biological or synmetic macromolecule, or orgamc or 
inorganic substances. Techniques for creating and screening such random peptide 
display libraries are known m the art (Ladner et al, U.S. Patent No. 5,223,409, Ladner 
20 et al, U.S. Patent No. 4,946,778, Ladner et aL U.S. Patent No. 5,403,484, Ladner et 
al., U.S. Patent No. 5,571,698, and Kay et al. Phage Display of Peptides and Proteins 
(Academic Press, Inc. 1996)) and random peptide display libnmes and kits for 
screening such libraries are available commordally, for instamre fiom CLONTECH 
Laboratories, Inc. (Palo Alto, CA), Invitrogen Inc. (San EKego, CA), New England 
25 Biolabs, Inc. (Beverly, MA), and Pharmacia LKB Biotechnology Inc. (Piscataway, NJ). 
Random peptide display libraries can be screened using the Zace2 sequences disclosed 
herein to identify proteins, which bind to Zace2. 

Another form of an antibody fiagment is a pq>tide coding for a single 
complementarity-determining region (CDR). CDR pqitides C'mmimal recogniti(m 
30 units*') can be obtained by constructing genes encoding the CDR of an antibody of 
interest. Such genes are prepared, for example, by using the polymerase chain reaction 
to synthesize the variable region from RNA of antibody-producing cells (see, for 
example, Larrick ^t al„ Methods: A Companion to Methods in Enzymology 2:106 
(1991), Courtenay-Luck, "Genetic Manipulation of Monoclonal Antibodies,'' in 
35 Monoclonal Antibodies: Production, Engineering and Clinical Application^ Ritter et al 
(eds.), page 166 (Cambridge University Press 1995), and Ward et al, "Genetic 
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Manipulation and Expression of Antibodies/^ in Monoclonal Antibodies: Principles 
and Applications^ Birch etal, (eds.), page 137 (Wiley-Liss, Inc. 1995)). 

Alternatively^ an anti-Zac^ antibody may be derived from a 
"himianized^ monoclonal antibody. Hmnanized monoclonal antibodies are produced 
5 by transferring mouse complementary determining regions from heavy and light 
variable chains of the mouse immunoglobulin into a human variable domain. Typical 
residues of human antibodies are then substituted in the framework regions of the 
murine counterparts. The use of antibody components derived from humanized 
monoclonal antibodies obviates potential problems associated with the immunogenicity 
10 of murine constant regions. General techniques for cloning mtirine iinmunoglobulin^^^^^^.^^ '^^^^^^ 

_ variable domains are described, for example, by Orlandi e/ aL, Proc Nat'l AccuL ScL - ^ -v^- .z^^r'-r---:^-:^ 
- (1989). Tedmiques for jHodudng humanized monoclonal antibodies are ? r - y ■ 

described, for exaniple, by Jones e/ o/l. Milxire 527:522 (1986), Carter o/^^^ 

15 a/., J. Immun. 75ft2844 (1993), Sudhir (ed.). Antibody Engineering Protocols (Humana 
Press, Inc. 1995), Kelley, "Engineering ThenQ)eutic Antibodies," in Protein 

& Sons, Inc. 1996), and by C^ueen etaL, U.S. Patent No. 5,693,762 (1997). 

Polyclonal anti-idiotype antibodies can be prepared by inmmnizihg " I 

20 animals with anti-Zace2 antibodies or antibody fragments, using standard techniques. • - > > . 
See, for example. Green et aly "Production of Polyclonal Antisera," in Methods In 
Molecular Biology: Immunochemical Protocols^ Manson (ed.), pages 1-12 (Humanui - 
Press 1992). Also, see Colig^n at pages 2.4.1-2.4.7. Ahematively, monoclonal anti- , rf , 

idiotype antibodies can be prepared using anti-Zace2 antibodies or antibody fragments 

25 as immunogens with the techniques, described above. As another alternative, 
humanized anti-idiotype antibodies or subhuman primate anti-idiotype antibodies can 
be prepared using the above-desaibed techniques. Methods for producing anti-idiotype 
antibodies are described, for example, by Irie, U.S. Patent No. 5,208,146, Greene, e/. 
al., U.S. Patent No. SjSiljSn^ and Vartfaakavi and Minocha, J. Gen. Virol 77:1875 

30 (1996). 

f 0. Use ofZacel Nucleotide Sequences to Detect Gene Expression and 
Gene Structure 

Nucleic acid molecules can be used to detect the expression of a Zace2 
35 gene in a biological sample. Suitable probe molecules include double-stranded nucleic 
acid molecules comprising the nucleotide sequence of SEQ ID NOsrl, 5, or 8, or a 
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portion thereof, as well as single-stranded nucleic acid molecules having the 
complement of the nucleotide sequence of SEQ ID N0:1, or a portion thereof Probe 
molecules may be DNA, RNA, oligonucleotides, and the like. As used herein, the term 
"'portion'" refers to at least eight nucleotides to at least 20 or more nucleotides. Certain 
5 jnrobes bind with regions of the Zace2 gene that have a low sequence similarity to 
comparable regions in other proteins, such as other angiotensin converting enzymes. 

In a basic assay, a single-stranded probe molecule is incubated with 
RNA, isolated from a biological sample, under conditions of temperature and ionic 
strength that promote base pairing between the probe and target Zace2 RNA species. 
10 After separating unbound probe fiom hybridized molecules, the amount of hybrids is 
detected. 

hybridization methods of RNA detection include 
northem analysis and dot/slot blot hybridization (see, for example, Ausubel (1995) at 

15 Level," in Methods in Gene Biotechnology, pages 225-239 (CRC Press, Inc. 1997)). 
Nucleic add probes can be detectably labeled with radioisotopes such as ^ or ^^S. 
- v v- w^ x n^^v.^^^.^^ RNA'ran bc^(3etected widi a mivmsufi 

(see, for exanq)le, Isaac (ed). Protocols for Nucleic Acid Analysis by Nonradioactive 
Probes (Htumana Piess^ Inc. 1993)). Typically, nonradioactive detection is achieved by 

20 enqonatic conversion of chromogenic or chemiluminescent substrates. Iliustrative 
nonradioactive moieties include biotin, fluorescein, and digoxigenin. 

Zacel oligonucleotide probes are also useful for in vivn diagnosis. As an 
ilhistration^ '^-labded oligonudeotides can be administered to a sidgect and visualized 
by positron emission tomogn^hy (Tavitian et aL, Nature Medicine 4'Ml (1998)). 

25 Numerous diagnostic irocedures take advantage of the polymerase chain 

reaction OPCR) to increase sensitivity of detection methods. Standard techniques for 
performing PGR well-known (see, genially, MaAew (ed.). Protocols in Human 
Molecular Genetics (Humana Press, Inc. 1991), White (ed.), PCR Protocols: Current 
Methods and Applications (Humana Press, Inc. 1993), Cotter (ed.). Molecular 

30 Diagnosis of Cancer (Humana Press^ Inc. 1 996), Hanausek and Walaszek (eds.). Tumor 
Marker Protocols (Humana Press, Inc. 1998), Lo (ed.). Clinical Applications of PCR 
(Humana Press, Inc. 1998), and Meltzer (ed,), PCR in Bioanalysis (Humana Press, Inc. 
1998)). 

PCR primers can be designed to amplify a portion of the Zace2 gene that 
35 has a low sequence similarity to a comparable region in other proteins, such as other 
angiotensin converting enzymes. 
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One variation of PCR for diagnostic assays is reverse transcriptase-PCR 
(RT-PCR). In the RT-PCR technique, RNA is isolated from a biological sample, 
reveise transcribed to cDNA, and the cDNA is incubated with Zace2 primers (see, for 
example, Wu et al. (eds.)» ^Rapid Isolation of Specific cDNAs or Genes by PCR," in 
S Methods in Gene Biotechnology, pages 15-28 (CRC Press, Inc. 1997)). PCR is then 
perfomied and the products are analyzed using standard techniques. 

As an illustration, RNA is isolated Ax>m biological sample using, for 
example, the gunadinium-thiocyanate cell lysis procedure described above. 
Alternatively; a solid-phase technique can be used to isolate mRNA firom a cell lysate. 
10 A reverse transcription reaction can be primed with the isolated RNA using random 
oligonucleotides, short homopolymers of «dT, or Zace2 anti-sense oligomers. Qligo-dT 
- : primeis offer the advantage that various mRNA nv^eotide sequences are amplified that 
can provide control target sequences. 2^ace2 sequences are amplified by the polymerase 
^^^.^ f^sun reaction using two flanking oligonucleotide primers that are typically 20J>ases in 
15 length. 

PCR amplification products can be detected using a variety of 
q^piro^dies. Forexanq)le, PCRprochiciscaii j^fi'action^^ 

visualized by etfaidium bromide staining. Alternatively, fi:actionated PCR products can 
be transferred to a membrane, hybridized with a detectably-labeled Zace2 probe, and 

20 examined by autoradiogr^hy. Additional alternative approaches include the use of 
digoxigenin-labeled deoxyribonucleic acid triphosphates to provide diemiluminescCTce 
detection^ and the C-TRAK colorimetric assay. 

Anottier doppxtach for detection of Zacel e?q>ression is cycling probe 
technology (CPT), in indiich a single-stranded DNA target binds with an excess of 

25 DNA-RNA-DNA chimeric probe to form a complex, the RNA portion is cleaved with 
RNAase H, and die jnesence of cleaved chimmc probe is detected (see, for example, 
Beggs et aL, J. Clin Microbiol 5^:2985 (1996), Bekkaoui el al, Biotechniques 20:240 
(1996)). Alternative methods for detection of Zace2 sequences can utilize ^roaches 
such as nucleic acid sequence-based amplification (NASB A), cooperative amplification 

30 of templates by cross^hybridization (CATCH), and the ligase chain reaction (LCR) 
(see, for example, Marshall et a/,, U.S. Patent No. 5,686,272 (1997), Dyer et aL, J. 
ViroL Methods 60161 (1996), Ehricht et al, Eur. J. Biochem. 243:352 (1997), and 
Chadwick et al, J, Virol Methods 70:59 (1998)). Other standard methods are known 
to those of skill in the art. 

35 Zace2 probes and primers can also be used to detect and to localize 

Zace2 gene expression in tissue samples. Methods for such in situ hybridization are 
well-known to those of skill in the art (see, for example, Choo (ed.). In Situ 
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Hybridization Protocols (Humana Press. Inc; 1994), Wu et al (eds.), "Analysis of 
Cellular DNA or Abundance of mRNA by Radioactive In Situ Hybridization (RISH),'' 
in Methods in Gene Biotechnology, pages 259-278 (CRC Press, Inc. 1997), and Wu et al. 
(eds.)* "Localization of DNA or Abundance of mRNA by Fluorescence In Situ 
5 Hybridization (RISH),*" in Methods in Gene Biotechnology, pages 279-289 (CRC Press, 
Inc. 1997)). Various additional diagnostic q>proaches are well-known to those of skill 
in the art (see, for example, Mathew (ed.). Protocols in Human Molecular Genetics 
(Humana Press, Inc. 1991), Coleman and Tsongalis, Molecular Diagnostics (Humana 
Press, Inc. 1996), and EUes, Molecular Diagnosis of Genetic Diseases (Humana Press, 
10 Inc., 1996)). Suitable test samiriesinchide blood, urine, saliva, ti^ . : ; . ; . 

material. ^ . 

V v^w^- H^^-!^*- ^ ' . v^vi^w*^ ^ Clinically significant potymori^usms of the human yfCF gene have been " ^ r.^:^^^^ -i^^- 
discovered (see, for exanq[>Ie, Matsusaka and Ichikawa, Anrm. Rev. Physiol 59:395 
. .^..,^^^;^^«.w^*..v-^ :A polymorphism associated: with intron 16 is associated with plasma and -w>s-Ai^:.- 

15 intracellular levels of ACE, as well as increased risk of myocardial infarction. ACE 
polymorphisms are also associated with progression to chronic renal &ilure in IgA 
nephropathy, and diabetic nephropathy (Marre et al, Diabetes 43:294 (1994); Yoshida 
et al., J. Clin. Invest 96:2162 (1995)). Other ACE gene mutations are associated with 
die risk of developing cardiovascular disease (R^olds and Perryinan, U.S. Patent N^ 
20 5,800,990). 

Nucleic acid molecules comprising Zace2 nucleotide sequences can also 
be used to determine whether a sutgectV diromosomes contain a xnutati 

gena I>etectable chronoosomal abenations at tiie Zare2 goie locus inclu^ a . 

limited to, aneuploidy, gene copy number changes, insertions, deletions, restriction site ^ 

25 changes and rearrangements. Of particular interest are g^tic alterations that 
inactivate the Zace2 gene. 

Aberrations associated with the Zace2 locus can be detected using 
nucleic acid molecules of the present invention by employing molecular genetic 
techniques, such as restriction fragment length polymorphism analysis, short tandem 

30 repeat analysis employing PCR techniques, amplification-refi:actory mutation system 
analysis, single-strand conformation polymorphism detection, RNase cleavage 
methods^ denatiuing gradient gel electrophoresis, fluorescence-assisted mismatch 
analysis, and other genetic analysis techniques known in the art (see, for example, 
Mathew (ed.). Protocols in Human Molecular Genetics (Humana Press, Inc. 1991), 

35 Marian, Chest 108:255 (1995), Coleman and Tsongalis, Molecular Diagnostics 
(Human Press, Inc. 1996), EUes (ed.) Molecular Diagnosis of Genetic Diseases 
(Humana Press, Inc. 1996), Landegren (ed.). Laboratory Protocols for Mutation 
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Detection (Oxford University Press 1996), Birren et al (eds.). Genome Analysis, Vol 2: 
Detecting Genes (Cold Spring Harbor Laboratory Press 1998), Dracopoli et al (eds.). 
Current Protocols in Human Genetics (John Wiley & Sons 1998), and Richards and 
Ward, "Molecular Diagnostic Testing," in Principles of Molecular Medicine, pages 83- 
5 88 (Humana Press, Inc. 1998)). 

The protem truncation test is also useful for detecting the inactivation of 
a gene in which translation-terminating mutations produce only portions of the encoded 
protein (see, for example, Stoppa-Lyoimet et al. Blood 91:3920 (1998)). According to 
this approach, RNA is isolated from a biological sample, and used to synthesize cDNA. 
10 PCR is then used to amplify the Zace2 target sequence and to introduce an RNA 

polymerase promoter, a translation initiation sequence, and an in-fiam& ATG triplet ^ . ^ 
r^y^^..., .^•^'i^^fCR. products are transcribed using an KNA polymeiase, and the transcrqpts are ^. y 
translated in vitro with a T7-coiqpled reticulocyte lysate system. The translation 

15 products. The protein truncation test is described, for example, by Dracopoli et al. 

(eds.X Current Protocols in Human Genetics, pages 9.1L1 - 9.1 LL8 (John ^ey & . 

The Zace2 gene resides on the human X chromosome:'^' ^Further -^y'^''^'^^^ '''^^'' - ^^-^ 
localization studies revealed that the 2ace2 gene resides at Xp22.L This region is also 

20 associated with X^inked forms ofmental retardation and infantile spasm syndrome. 

The present invention contemplates kits for performing a diagnostic assay 
for Zace2 gene expression or to detect mutations in the Zace2 gene. Such kits conqnrise 
ruideic add probes, sudi as double-stranded nucldc add molecules comprising tf^ 
nucleotide sequence of SEQ ID NO:l, or a portion thereof; as well as single-stranded 

25 nucleic acid molecules having the complement of the nucleotide sequence of SEQ ID 
N0:1, or a portion thopeof. Probe molecules may be DNA, RNA, oligonucleotides, and 
the like. Kits may comprise nucleic acid primers for performing POL 

Such a kit can contain all the necessary elements to perform a nucldc 
acid diagnostic assay described above. A kit will comprise at least one container 

30 comprising a Zace2 probe or primer. The kit may also comprise a second container 
comprising one or more reagents capable of indicating the presence of Zace2 
sequences. Examples of such indicator reagents include detectable labels such as 
radioactive labels, fluorochromes, chemiluminescent agents, and the like. A kit may 
also comprise a means for conveying to the user that the Zace2 probes and primers are 

35 used to detect Zace2 gene expression. For example, written instructions may state that 
the enclosed nucleic acid molecules can be used to detect either a nucleic acid molecule 
that encodes Zace2, or a nucleic acid molecule having a nucleotide sequence that is 
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complementary to a Zflfce2-encoding nucleotide sequence. The written material can be 
^plied directly t^ a container, or the written material can be provided in the form of a 
packaging insert. 



5 11. Use ofAnH-Zacel Antibodies to Detect Zace2 

The present invention contemplates the use of anti-Zace2 antibodies to 
screen biological samples in vitro for the presence of Zace2. In one type of in vitro assay, 
anti-Zace2 antibodies are used in liquid phase. For example, the presence of Zace2 in a 
biological sample can be tested by mixing the biological sample vdih a trace amount of 
10 labeled Zace2 and an anti-Zace2 antibody under conditions that promote b 

ZsK^ its ^ntibody. ^ Conq[)lexes^^c^ can be . ..-r^ t- ^.v^^.^i^ 

separated fnom fhe reaction mbcture by contacting die comploc wifh an immolnlized 
protein, which biiKls wiA the antibody, such as an Fc antibody or iS/apM'/^^ 
A. The concentration of Zace2 in the biological sanq>ie will be inversely proportional to 
15 the amount of labeled Zace2 bound to the antibo<fy and directly related to the amoumo 
V V ^f^M^^^.^,^s^^^ labeled Zacer*. Illustrative biological sanq)les include blood, mme, saliva, li^ ^^-t 

i»q»y, and autop^ material. : . V - t.:; . n^. 

Alternatively, in vitro assays can be performed in wliich anti-Zace2 - - < ■ 
antibody is bound to a solid*phase carrier. For example, antibody can be attached to a t v . - ^ . 
20 polymer, such as aminodextran, in order to link the antibody to an insoluble support such 
as a polymer-coated bead» a plate or a tube. Other suitable in vitro assays will be readily 
apparent to those of skill in the art 

b anodier qsproadi, aiiti-Zace2 antibodies can be iKe^ 
tissue sections prepared fiom a biopsy specimen. Such immunochemical detection can be 
25 used to detCTnine the relative abundance of Zac^ and to determine the distribution of 
2^ace2 in the examined tissue. Genend inmunochmiistiy techniques are well established 
(see, for example. Ponder, *^11 Marking Techniques and Their Application,*' in 
Mammalian Development: A Practical Approach^ Monk (ed), pages 1 15-38 (IRL Press 
1987), Coligan at pages 5.8.1-5.8.8, Ausubel (1995) at pages 14.6.1 to 14.6.13 (Wiley 
30 Interscience 1990), and Manson (ed.). Methods In Molecular Biology, Vol 10: 
Immunochemical Protocols (The Humana Press, Lie. 1 992)). 

Immimochemical detection can be performed by contacting a biological 
sample with an anti-Zace2 antibody, and then contacting the biological sample with a 
detectably labeled molecule, which binds to the antibody. For example, tiie detectably 
35 labeled molecule can comprise an antibody moiety that binds to anti-Zace2 antibody. 
Alternatively, the anti-Zace2 antibody can be conjugated witii avidin/stieptavidin (or 



wo 00/70032 



72 



PCTAJSOO/11932 



biotin) and the detectably labeled molecule can comprise biodn (or avidin/streptavidin). 
Numerous variations of this basic technique are well-known to those of skill in the art 

Ahematively, an anti-Zace2 antibody can be conjugated with a detectable 
label to form an anti-Zace2 immunoconjugate. Suitable detectable labels include, for 
5 example, a radioisotope, a fluorescent label, a chemiluminescent label, an en:^e label, a 
bioluminescent label or colloidal gold. Methods of making and detecting such detectably- 
labeled immunoconjugates are well-known to those of ordinary skill in the art, and aie 
described in more detail below. 

The detectable label can be a radioisotope that is detected by 
10 autoradiogr^hy. Isotopes that are particularly usefid for the purpose of Ae present ' 
, invention are 'H,'^I,"X''S and '^C. 
^7 >..-*.^^ be labded wifli a fluoresceiit-*'^^***^:-?. 

compound. The presence of a fluorescmtly-labeled antibody is deterrxiiried by exposing 
the immimocoiuugate to light of the proper wavelength and detecting the resultant 
15 fluorescence. Fluorescent labeling compoimds include fluorescein isothiocyanate, rfaoda- 
mine, {diycooytheriii, pfaycocTanin, aUophycocyanin, o-phtha^ 

Ahemativeiy, anti-Zac^ trmmmocmijugates can be detect^ 
couphng an antibody component to a diemiluminescent onnpound. The presence of Ae " >r>— .r-^ 

diemihmiinescait-tagged immunoconjugate is determined by detecting die i»esrace of 
20 luminescence that arises during the course of a chemical reaction. Examples of chemi- • 
luminescent labeling compoimds include luminol, isoluminol, an aromatic acridinium 
ester, an imidazole, an acridinium salt and an oxalate esto-. 

Similarly, a bioluminescent compourKl can be used to label antt>Zace2 
irrununoconjugates of die present inventioiL Bioluminescence is a type of 
25 chc m ilumi ne scence found in biological systems in wdiich a catalytic protein increases the 
efiiciency of die chemiluminescent reaction. The presence of a bioluminescent protein is 
determined by detecting the presrace of luminescence. Bioluminescent compounds that 
are usefid for labding include ludferin, luciferase and aequoriiL 

Alternatively, anti-Zace2 immunoconjugates can be detectably labeled by 
30 linking an anti-Zace2 antibody coiiqx>neiit to an ensQnme. When the anti-Zace2-enz^e 
conjugate is incubated in the presence of the appropriate substrate, the exaymc moi^ 
reacts with the substrate to jnoduce a chemical moiety, which can be detected, for 
example, by ^)ectrophotometric, fluorometric or visual means. Examples of enzymes 
that can be used to detectably label polyspecific immunoconjugates include P-galac- 
35 tosidase, glucose oxidase, peroxidase and alkaline phosphatase. 

Those of skill in the art will know of other suitable labels, vAnch can be 
employed in accordance with the present invention. The binding of marker moieties to 
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anti-Zace2 antibodies can be accomplished using standard techniques known to the art 
Typical methodology in this regard is described by Keimedy et aL, Clin. Chint Ada 70:1 
(1976), Schurs et aL, CHfl Chim Acta 81:1 (1977), Shih et al. IntlJ. Cancer 46:1101 
(1990), Stein et al. Cancer Res. 50:1330 (1990), and Coligan, s^ra, 
5 Moreover, the convenience and versatility of immunochemical detection 

can be rahanced by usmg anti-Zace2 antibodies that have been conjugated with avidin, 
streptavidin, and biotin (see, for example, Wilchek et al (eds.), "Avidin-Biotin 
Technology,** Methods In Enzymology, Vol. 184 (Academic Press 1990), and Bayer et al, 
""Immunochemical Applications of Avidin-Biotm Technology," in Methods In Molecular 
10 Biology. Vol 10, Manson (ed.), pages 149-162 (The Humana Press, Inc. 1992). 

Merhods for performing immunoassays are well-established* See, for 
. vG /r. ^u;;:^ Cook and Self^ "^donoclcKial Antibodies in Di^oostic Immimoassays,'^ in . ^ : ; : 

Monoclonal Antibodies: Production, Engineering, and Clinical Application^ Ritter and 

(eds.), pages 180^8, (Cambridge University P|ess, 1995X Perry, "The Role of 

15 Monoclonal Antibodies in the Advancement of bnmunoassay Technology,*' in 
Monochnal Antibodies: Prindples and ApplicationSy Birch and LemK>x (eds.X 
107-120 (^ey-Uss, Inc. 1995), and Diamandis, Immunoassay (Academic Fjress, Inc. 

The present invention also contemplates kits for performing an 
20 inmimiological diagm>stic assay for 2ace2 gene expression. Such kits comprise at least 
one container comprising an anti-Zace2 antibody, or antibody fiagment A kit may also 
comprise a second container comprising one or more reagents capable of indicating the 
presence of Zace2 antibody or antibody fragments. Examples of such indicator 
reagents include detectable labels such as a radioactive label, a fluorescent label, a 
25 chemiluminescent label, an enzyme label, a bioluminescent label, colloidal gold, and the 
like. A kit may also comprise a means for conveying to the us^ that Zac^ antibodies 
or antibody fragments are used to detect Zace2 protein. For exanqple, written 
instructions may state that the enclosed antibody or antibody fragment can be used to 
detect Zace2. The written material can be applied duectly to a container, or tfie written 
30 material can be provided in the form of a packaging ins^ 



12. Therapeutic Uses of Polypeptides Having Zacel Activity 

The present invention includes the use of proteins, polypeptides, and 
peptides having Zace2 activity (such as Zace2 polypeptides {e.g., soluble forms of 
35 ZaceZ)^ Zacel analogs (e.g., anti-2^ace2 anti-idiotype antibodies), and Zace2 frision 
proteins) to a subject who lacks an adequate amount of this polypeptide. In contrast. 
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Zace2 antagonists (e,g., anii-Zasxl antibodies) can be used to treat a subject who 
produces an excess of Zace2. Either human or murine Zace2 protein can be used for 
such methods. 

The kallikrein-kinin (contact) system modulates the renin-angiotensin- 
5 aldosterone system, prostaglandins, vasopressins, sodium-water balance, renal 
hemodynamics, and blood pressure. Stadnicki et al, FASEB J. 72:325 (1998), have 
shown that a reversible inhibitor of plasma kallikrein decreased chronic intestinal 
inflammation in an experimental model relevant to Crohn's disease. One of the actions 
of kallikrein is to cleave high molecular weight kininogen to produce bradykinin, a 
10 peptide that enhances vasodilation, increases vascular permeability, and influences ^ ^ " ^ ^ > ^. i • 
intestinal motiUty and dectrolyte secretion (see* fOT ^ ^ -..^^---^^-rr, 

~^<:^^m^i-^^-Rev.^44zl- (1992)). The inhibitiiMi of kallikrein by the xera^able inhibitor, thei^^ 
should decrease bradykinin activity levels, which is consistent with evidence that kinins 
*;««AiK^,^^tf;^^^«***mediate gastrointestinal inflammation associated with inflammatory ^ bowel disease, 
15 such as Crohn*? disease (see, for example, Bachvarov et al. Gastroenterology 
775:1045(1998)). 

ACE also decreases bradykinin activity by cleaving the peptide. 
Accordmgiy, decreased ACE activity should be correlated with increased bradykinin 
activity. Studies have shown that serum ACE activity is significanfly lowered in 

20 certain patients who have active Crohn's disease (see, for example, Silverstein et al. 
Am, J. Clin. Pathol 75:175 (1981); Sommer et al. Enzyme 35:181 (1986)). Taken 
together, these observations indicate that ACE can be used to treat conditions 
associated with inflarrmiatioii, such as inflarmnatoiy bowel disease. 

The present invention therefore includes the use of polypeptides having 

25 Zace2 activity (e.g., Zace2 polypeptides, functional fragments of Zace2, anti-Zace2 
anti-idiotype antibodies, etc) to treat an inflammatory bowel disease {e.g., Crohn*s 
disease and ulcerative colitis). More generally, the present invention includes the use 
of polypeptides having 2^e2 activity to treat diseases associated with inflammation, 
such as arthritis and mterocolitis, two conditions that have been treated with a 

30 kallikrein inhibitt r (see, for example, DeLa Cadena et al., FASEB J. 9:446 (1995); 
Stadnicki et al. Dig Dis. Sci 41:912 (1996)). Methods for identification of subjects 
suitable for such treatment are well known to those of skill in the art (see, for example, 
Rakel (ed.). Conn s 1999 Current Therapy (W.B. Saunders Company 1999)). 

As described above, northern analysis indicates that human Zace2 is 

35 expressed by testicular tissue at high levels. This observation in combination with the 
single putative catalytic domain of Zace2 mdicates that Zace2 shares properties with the 
known testicular form of ACE. Studies in murine models have shown that testicular 
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ACE is reqwred for fertility (see, for example, Bernstein et aL, Am. J. Cardiol. 82 
(10A):M (1998). Hagaman et al. Proc. Natl Acad Scl USA 95:2552 (1998), and 
Ramaraj et aL, J. Clin. Invest. 102:371 (1998)). Accordingly, the present invention 
includes the use of Zace2 agonists to treat infertility, and the use of Zace2 antagonists 
5 to induce infotiliiy. 

Generally, the dosage of administered Zace2 (or Zace2 analog or fusion 
protein) will vary depending upon such factors as the patient's age, weight, height, sex, 
general medical condition and previous medical history. Typically, it is desirable to 
provide the recipient with a dosage of Zace2, which is in the range of from about 1 
10 pg/kg to 10 mg/kg (amount of agent/body weight of patient), although a lower or higher . 
dosage also may be administered as circumstances dictate^ ^^^^^^^^-^^^^^^^ ^ — 

. > ' j v^ ^ . ^ r r Adfninijrfr gHon fif a mnlecMle having 2!lace2 activity to a subject can b&: -J 5^ 

intravenous, intraartmal, intraperitoneal, intramuscular, subcutaneous, intrapleural, 
^^.^r^^^-^ '^^.c'- . - : > intrathecal, by perfiision through a regional catheter, or by direct intraledonal injectionvv^, 
15 Regional administration is particularly usefiil for treatment of an inflammatory bowel 

disease. Wh^n gf^ministftring therapeutic pmteinR hy injectinfij the adminigtrarinn may . 

beby continuous infusion or by single or multiple boluses. - • 

.- A, : ^ v:/^ ^j^^. -"^^Additional routes'of adminiistradcm inchide oraly nnicoisal-inembran^^ ^^^^^^a-^^j^^^:.- 
pulmonary, and transcutaneous. Oral delivery is suitable for polyester miaospteres, 

20 zein microspheres, protetnoid microspheres, polycyanoacrylate microspheres, and lipid- :/ 
based systems (see, for example, DiBase and Morrel, '"Oral Delivery of 
Microencapsulated Proteins,** in Protein Delivery: Physical Systems^ Sanders and . 
Hendren (ed&X pages 255-288 (Plenum Press 1997)). The feasibility of an intranasal 
delivery is exemplified by such a mode of insulin administration (see, for example, 

25 Hinchcliflfe and Dlum, Adv. Drug Deliv. Rev. 35:199 (1999)). Dry or liquid particles 
comprising Zace2 can be prepared and inhaled with the aid of dry-powder dispersers, 
liquid aerosol generators, or nebulizers {e.g.» Pettit and Gombotz, TIBTECH 75:343 
(1998); Patton et al.. Adv. Drug Deliv. Rev. 35:235 (1999)). This i^roach is iUustrated 
by the AERX diabetes managCTient system, which is a hand-held electnmic inhaler that 

30 delivers aerosolized insulin into the lungs. Studies have shown that proteins as large as 
48,000 kDa have been delivered across skin at thenq>eutic concentrations with the aid 
of low-frequency ultrasound, vAnch illustrates the feasibility of trascutaneous 
administration (Mitragotri et al. Science 26P:850 (1995)). Transdermal delivery using 
electroporation provides another means to administer a molecule having Zace2 activity 

35 (Potts et al, Pharm. Biotechnol 70:213 (1997)). 

A pharmaceutical composition comprising a protein, polypeptide, or 
peptide having Zace2 activity can be formulated according to known methods to 
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prepare pharmaceutically useful compositions, whereby the therapeutic proteins are 
combined in a mixture with a pharmaceutically acceptable carrier. A composition is 
said to be a ''pharmaceutically acceptable carrier'* if its administration can be tolerated 
by a recipient patient. Sterile phosphate-bufTered saline is one example of a 
5 pharmaceutically acceptable carrier. Other suitable carriers are well-known to those in 
the art. See, for example, Gennaro (ed.). Remington's Pharmaceutical Sciences^ 19th 
Edition (Mack Publishing Company 1995). 

For purposes of therapy, molecules having Zace2 activity and a 
pharmaceutically acceptable carrier are administered to a patimt in a therE^utically 

10 effective amount A combination of a protein, polypeptide, or pqydde having Zac^ 
' activity and a pharmaceutically acceptable carrier is said to be administered iii a 
^ ^ *tfaa::q)eutxcally effective amount^ if the amount adnunisteied is physiologically * * 
significant. An agent is physiologically significant if its presence results in a detectable 
^ in the physiology of a recipient patient For example; common symptoms of ^ 

15 Crohn's disease include chronic diarriiea with abdominal pain, fever, anorexia, weight 
loss, and a right lower quadrant mass. An agent used to treat Crohn^s disease is 
physiologically significant if its presence alleviates at least one of these symptoms. 

A pharmaceutical composition compnsmg Zace2 (or Zace2 analog or 
fusion protein) can be furnished in liquid form, in an aerosol, or in solid form. Liquid 

20 forms, are illustrated by injectable solutions and oral suspensions. Exemplary solid 
forms include ci9>sules, tablets, and controlled-release forms. The latter form is 
illustrated by miniosmotic pumps and inqilants (Bremer ei oL, Pharm. BiotedmoL 
10-239 (1997); Ranade, *^Inq>lants in Drug DeBvery," in Drug Delivery Systems^ . 
Ranade and Holliuger (eds.), pages 95-123 (CRC Press 1995); Bremer et al, "Protein 

25 Delivery with Infusion Pumps,** in Protein Delivery: Physical Systems^ Sanders and 
Hendren (eds.), pages 239-254 (Plenum Press 1997); Yewey et al, "Delivery of 
Proteins finom a Controlled Release Injectable Implant," in Protein Delivery: Physical 
Systems, Sanders and Hendren (eds.), pages 93-1 17 (Plenum Press 1997)). 

Liposomes provide one means to deliver tfaer^utic polypeptides to a 

30 subject intravmously, intraperitoneally, intrathecally, intramuscularly, subcutaneously, 
or via oral administration, inhalation, or intranasal administration. Liposomes are 
microscopic vesicles that consist of one or more lipid bilayers surrounding aqueous 
compartments (see, generally, Bakker-Woudenberg et al, Eur, J. Clin. Microbiol 
Infect. Dis. 12 (SuppL 1):S6\ (1993), Kim, Ihngs 46:61S (1993), and Ranade, "Site- 

35 Specific Drug Delivery Using Liposomes as Carriers,*' in Drug Delivery Systems^ 
Ranade and HoUinger (eds.), pages 3-24 (CRC Press 1995)). Liposomes are similar in 
composition to cellular membranes and as a result, liposomes can be administered 
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safely and are biodegradable. Depending on the method of preparation, liposomes may 
be unilamellar or multilamellar, and liposomes can vary in size with diameters ranging 
fipom 0.02 ^m to greater than 10 ^m. A variety of agrats can be encapsulated in 
liposomes: hydrophobic agents partition in the bilayers and hydrophilic agents partition 
5 within the inner aqueous space(s) (see, for example, Machy et ai. Liposomes In Cell 
Biology And Pharmacology (John Libbey 1987), and Ostro et ai, American J. Hasp, 
Pharm, 46:1576 (1989)). Moreover, it is possible to control the therapeutic availability 
of the mcapsulated agent by varying liposome size, the number of bilayers, lipid 
composition, as well as the charge and surface characteristics of the liposomes. 

10 Liposomes can adsorb to virtually any type of cell and then slowly 

r::^^^-^^^. re^ the eno^ulated agenL Alternatively, an absorbed liposome may be , r.^rrz^-:vz— 
^^*^i'^.-:^''^-^''fr^^ by cdls ttat are idiagocytic. Endocytosas is ibilowed by mtralysosomal ^ . 

degradation of liposomal lipids and release of the enc^sulated agents (Scher[^of etaL 
, r^^^^^:^.y^^ ,(t985)).^^After« iiitraveuous admimsta 

15 liposomes (0.1 to 1.0 ^m) are typically taken up by cells of the reticidoendothelial 

system, located priiicq>ally in the livo^ and q[>leen, \rfimas liposomes larger than 3.0 — 
\m are deposited in the lung. This preferential uptake of smaller liposomes by the cells 
...^r^^^^HM^.^*.^^ S3« has bera used ti) deUvw chdnofliw^ 

macrophages and to tumors of the liver. 

20 The reticuloendothelial system can be circumvented by several methods - ' 

including saturation with large doses of liposome particles, or selective macrophage 
inactivation by pharmacological means (Claassen et al.^ Biochint Biopkys. Acta 
802:42& (1984)). In addition, incorporation of glycolipid- or polyethelene glycol- - : 

derivatized phospholipids into liposome membranes has been shown to result in a 

25 significantly reduced uptake by the reticuloendothelial system (Allen et al, Biochim, 
Biophys. Acta 1068:133 (1991); Allen etaL Biochinu Biophys. Acta 1150:9 (1993)). 

Liposomes can also be prepared to target particular cells or organs by 
varying phospholipid composition or by inserting receptors or ligands into the 
liposomes. For example, liposomes, prepared with a high content of a nonionic 

30 surfactant, have been used to target the liver (Hayakawa et al^ Japanese Patent 04- 
244,018; Kato et al, Biol Pharm. Bull 75:960 (1993)). These formulations were 
prepared by mixing soybean phospatidylcholine, a-tocophm>l, and ethoxylated 
hydrogenated castor oil (HCO-60) in methanol, concentrating the mixture under 
vacuum, and then reconstituting the mixture with water. A liposomal formulation of 

35 dipalmitoylphosphatidylcholine (DPPC) with a soybean-derived sterylglucoside 
mixture (SG) and cholesterol (Ch) has also been shown to target the liver (Shimizu et 
aL Biol Pharm. Bull 20:881 (1997)). 
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Alternatively, various targeting ligands can be bound to the surface of 
the liposome, such as antibodies, antibody fragments, carbohydrates, vitamins, and 
transport protein; For example, liposomes can be modified with branched type 
galactosyllipid derivatives to target asialoglycoprotein (galactose) receptors, which are 
5 exclusively expressed on the surface of liver cells (Kato and Sugiyama, CriL Rev, Ther 
Drug Carrier SysL 14291 (1997); Muiahashi et aL Biol Pharm. Bull202S9 (1997)), 
Similarly, Wu et aL Hepatology 27:772 (1998), have shown that labeling liposomes 
with asialofetuin led to a shortened liposome plasma half-life and greatly enhanced 
uptake of asialofetuin-labeled liposome by hq>atocytes. On the other hand, hqiatic 
10 accumulation of liposomes comprising branched type galactosyllipid derivatives can be- 

inhibited by preinjection of asialofetuin (Murahashi et al, Biol: Phanrn BulL2(h2S9 ' - 
(1997)). Polyacomtylated human serum albumih liposomes provide anotfiCT 
for targeting liposomes to liver cells (Kamps et a/.. Proc. Nat 'I Acad Sci. USA 
(1997)).^Moreover,>Gdio, et al, U.S. Patent No. 4,603,644, describe 
15 hepatocyte-directed liposome vesicle delivery system, ^^ch has specificity for . 
hqmtobiliary receptors associated with the specialized metaboUc celb of the liver. 

In a more general approach to tissue targeting, target cells are prelabeled 
With biotmylated antibodies specific for a hgand expressed by the target cell (Harasym 
et al.. Adv. Drug Deliv. Rev. 52:99 (1998)). After plasma eBmination office antibody, 
20 streptavidin-conjugated liposomes are administered. In another aiqsroach, targeting 
antibodies are directly attached to liposomes (Harasym et aL, Adv. Drug Deliv. Rev. 
52:99(1998)). 

Polypqytides having Zac^ activity can be encapsulated withm - - ^ 

liposomes using standard techniques of protein microenc^>sulation (see, for example, 

25 Anderson et aL, Infect. Immun. 57:1099 (1981), Anderson et aL, Cancer Res. 50:1853 
(1990), and Cohen et al, Biochim. Biophys. Acta 1063:95 (1991), Alving et aL 
"Preparation and Use of Liposomes in Immunological Studies," in Liposome 
Technology, 2nd Edition, Vol. Ill, Gregoriadis (ed.), page 317 (CRC Press 1993), 
Wassef et aL, Meth. EnzymoL 149:124 (1987)). As noted above, therapeutically usefiil 

30 liposomes may contain a variety of components. For example, liposomes may comprise 
lipid derivatives of poly(ethylene glycol) (Allen et al., Biochim. Biophys. Acta 1150:9 
(1993)). 

De«£radable polymer microspha:es have been designed to maintai n high 
systemic levels of therapeutic proteins. Microspheres are prepared fix>m degradable 
35 polymers such as poly(lactide-co-glycolide) (PLG), polyanhydrides, poly (ortho esters), 
nonbiodegradable ethylvinyl acetate polymers, in which proteins are entrapped in the 
polymer (Gombotz and Pettit, Bioconjugate Chem. 6:312 (1995); Ranade, "Role of 
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Polymers in Drug Delivery," in Drug Delivery Systems, Ranade and Hollinger (eds.)» 
pages 51-93 (CRC Press 1995); Roskos and Maskiewicz, ""Degradable Controlled 
Release Systems Useful for Protein Delivery," in Protein Delivery: Physical Systems^ 
Sanders and Hendren (eds.), pages 45-92 (Plenun^ Press 1997); Bartus et al. Science 
S 257:1161 (1998); Putoey and Burke, Nature Biotechnology 76:153 (1998); Putney, 
Curr. Opim Chem. Biol 2:548 (1998)). Polyethylene glycol (P£G)-coated nanospheres 
can also provide carriers for intravenous administration of therapeutic proteins (see, for 
example, Gief etal., PhamL Biotechnol 70:167 (1997)). 

The present invention also contemplates chemically modified 
10 polypeptides having Zace2 activity and Zace2. ants^onists, in which a polypeptide is . . 
^liiiked with a polyxner, as discussed above. - - - r ^^^^ . ^v. 

^ ^^^^^^ l^ dK»e skilled in art, as diown,. ^^v^ i.-,: v:^: : : * 

for example, by Ansel and Popovidi, Pharmaceutical Dosage Forms and Drug 
, v^.ui^^v.^^^^..iH^7>e^^ ^5t, Edition & Febiger ^1990), pennaro,,(edO, iJem/ng/ani: ^^^^ 

15 Pharmaceutical Sciences^ 19*** Edition (Mack Publishing Company 1995), and by 
Ranade and Hollinger, /)rug Z>e/n'erv ^lems (CRC 

As an illustration, pharmaceutical compositioiis may be supplied as a kit 
> ^^v^v^^^-^^^^^^napri^ a container that comprises a molecule having'Zacel activity or a Zace2 ^^ >^^^^^ 
antagonist (e:g., an antibody or antibody fragment that binds a Zace2 polypeptide). 
20 Therq)eutic polypqitides can be provided in the form of an injectable solution for 
single or multiple doses, or as a sterile powder that will be reconstituted before 
injection. Alternatively, such a kit can include a dry-powd» diq)erser, liquid aerosol 
^Kiator,OTiid>uIizra^ for admioistration of a therapeutic polypq^ Sudiakitmay 
further comprise written information on indications and usage of the pharmaceutical 
25 composition. Moreover, such information may include a statement that the Zace2 
composition is contraindicated in patirats with known hypersensitivity to Zace2. 



13. Therapeutic Uses ofZacel Nucleotide Sequences 

The present invention includes the use of Zace2 nucleotide sequences to 
30 provide Zace2 to a subject in need of such treatment. In addition, a therapeutic 
expression vector can be provided that inhibits Zace2 gene expression, such as an anti- 
sense molecule, a ribozyme, or an external guide sequence molecule. Although murine 
Zace2 nucleotide sequences can be used for these methods, compositions comprising 
human Zace2 nucleotide sequences are preferred for treatment of human subjects. 
35 There are numerous approaches to introduce a Zace2 gene to a subject, 

including the use of recombinant host cells that express Zace2^ delivery of naked 
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nucleic acid encoding Zace2, use of a cationic lipid carrier with a nucleic acid molecule 
that encodes 21ace2, and the use of viruses that express Zace2y such as recombinant 
retroviruses, recombinant adeno-associated viruses, recombinant adenoviruses, and 
recombinant Herpes simplex viruses (see, for example. Mulligan, Science 260:926 
5 (1993), Rosenberg ei al. Science 242:1575 (1988), LaSalle et aL, Science 25P:988 
(1993), Wolff ei aL, Science 247:1465 (1990), Breakfield and Deluca, The New 
Biologist 3:203 (1991)). In an ex vivo approach, for example, cells are isolated from a 
subject, transfected with a vector that expresses a Zace2 gene, and then transplanted 
into the subject 

10 In order to efTect expression of a Z0ce2 gene, an expression vector is " 

J constructed in \^Wch a nucleotide sequence encoding a Zflce^ , - . . 

ctne puMnoter, and optiooaUy a i^uiatoiy elei^^ to conliol gene .tiaDsctqptuuu The ^ ^^y^i^-ir -^-VK-f^ 
gaioal requirements of an aqxression vector are described above. 
■ ■ ^ 4 AltOTiatively, a Zace2 gene can be delivered usins recombinant viral 

15 vectors, including for exemple, adenoviral vectors (e.g., Kass-Eisler et aL. Proc^Nta'l 
Acad. Set USA j>0:11498 (1993). KoUs et oL. Proc. Natl Acad. Sci USA 9iaiS 
(1994X Li et dL. Htm. Gene Ther. 4:403 (1993), Vincent er a/., Nat. Genet. 5:130 
i' >:^^^!!^^*> im *ui ii mi(l993), and Zabner et aL, Cell '75'J207 (1993)), adenovirus-associated viral' vectors- '^^'^••.lii^^^-^'i-?''^*^*'^ 
(Flotte et aL, Proc. Nat'l Acad ScL USA 90:10613 (1993)), alphavinises such as 

20 Seniliki Forest Virus and Sindbis Vinis (Hertz and Huang, a F/r. (;tf:857 (1992), Riyu ■ r . -^-v^- 

and Huang, J. Vir. 652501 (1991), and Xiong et aL, Science 243:1 188 (1989)), heipes 
viral vectors (e.g., U.S. Patent Nos. 4,769331, 4,859,587, 5,288,641 and 5^28,688), 
parvovirus vectors (Koering dL. /ftoTt Gene 7%m97. 5:457 (1994)X pox virus vectors 
(Ozaki et aL. Biochem. Biophys. Res. Comm. 193:653 (1993), Panicali and Paoletti, 

25 Proc. Natl Acad ScL USA 79:4927 (1982)), pox viruses, such as canary pox virus or 
vaccinia virus (Fister-Hoch etal., Proc. Natl Acad Sci. USA 86:211 (1989), and 
Flexner et al.. Arm. N. Y. Acad ScL 559:86 (1989)), and retroviruses (e.g., Baba et aL. J. 
Neurosurg 79:729 (1993), Ram et al.. Cancer Res. 53:93 (1993), Takamiya et aL. J. 
NeuroscL Res 33:493 (1992), VUe and Hart, Cancer Res. 53:962 (1993), Vile and Hart, 

30 Cancer Res. 55:3860 (1993), and Anderson et aL. VJS. Patent No. 5^99^46). Within 
various embodiments, either the viral vector itself, or a viral particle, vdiich contains the 
viral vector may be utilized in the methods and compositions described below. 

As an illustration of one system, adenovirus, a double-stranded DNA 
virus, is a well-characterized gene transfer vector for delivery of a heterologous nucleic 

35 acid molecule (for a review, see Becker et aL, Meth. Cell BioL 43:\6\ (1994); Douglas 
and Curiel, Science & Medicine 4:44 (1997)). The adenovirus system ofFeis several 
advantages including: (i) the ability to accommodate relatively large DNA inserts, (ii) 
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the ability to be gjtovm to high-titer, (iii) the ability to infect a broad range of 
miEunniaiian cell types, and (iv) the ability to be used with many different promoters 
including ubiquitous, tissue specific, and regulatable promoters. In addition, 
adenoviruses can be administered by intravenous injection, because the viruses are 
5 stable in the bloodstream. 

Using adenovirus vectors where portions of the adenovirus genome are 
deleted, inserts are incorporated into the viral DNA by direct ligation or by homologous 
recombination with a co-transfected plasmid. In an exemplary system, the essential El 
gene is deleted from the viral vector, and the virus will not replicate unless the El gene 
10 is provided by the host cell. When intravenously administered to intact animals, 

- , ^ : adenovkus priinarily targets the Uver. Although an adenovir^d deUv^ - .... . . 

, . . El gene deletion caimot replicate ia the host cells, the host^s tissue will express and y : r . i:: ' i. ^ 

process an encoded heterologous protein. Host cells will also secrete the heterologous 
protdn if the corresponding gene includes a secretory signal sequence. Secreted ,^ 
15 proteins will ent^ the circulation from tissue that expresses the heterologous gene ie,g., 
the highly vascularized liver). 

Mcneover, adeiioviral vectors containirig various deletioiis of viral go 
... ... .. .,tr-r^-, can be used to reduce or elimmate immune responses to the vector. * Such adenoviruses""^^^^^*^^"^^ ^^^^^^^^^ 

are El-deleted, and in addition, contain deletions of E2A or E4 (Lusky et aL, J. Virol 
20 722021 {\99%)\J^zpctetal.Humm Gem The deletion of E2b ^ 

has also been reported to reduce innmune responses (Amalfitano et al, J. Virol 72:926 
(1998)). By deleting the entire adenovirus genome, very large inserts of heterologous 
DNA can be acconmiodated. Genenition of so caUed ^gutless** adraoviruses, i^d^^ 
viral genes are deleted, are particularly advantageous for insertion of large insets of 
25 heterologous DNA (for a review, see Yeh. and Perricaudet, FASEBJ. 77:615 (1997)). 

High tit^ stocks of recombmant viruses capable of expressing a 
therapeutic gene can be obtained from infected manmialian cells ^Tsmg standard 
methods. For example, recombinant herpes simplex virus can be prepared in Vero 
cells, as described by Brandt e/dl.y. Gen, Virol 72:2043 (1991), Herolder oil, J. Gen. 
30 Virol 75:121 1 (1994), Visalli and Brandt, Virology 185:419 (1991), Grau et al. Invest. 
Ophthalmol Vis, Scl 50:2474 (1989), Brandt et aL J- Virol Metk 36:209 (1992), and 
by Brown and MacLean (eds.), HSV Virus Protocols (Humana Press 1997). 

Alternatively* an expression vector comprising a Zace2 gene can be 
introduced into a subject's cells by lipofection in vivo using liposomes. Synthetic 
35 cationic lipids can be used to prepare liposomes for in vivo transfection of a gene 
encoding a marker (Feigner et al. Proa Nat 'I Acad Scl USA 84:7413 (1987); Mackey 
et al, Proc. Natl Acad. Scl USA «5:8027 (1988)). The use of lipofection to intixxluce 
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exogenous genes into specific organs in vivo has certain practical advantages. 
Liposomes can be used to direct transfection to particular cell types, which is 
particularly advantageous in a tissue with cellular heterogeneity, such as the pancreas, 
liver, kidney, and brain. Lipids may be chemically coupled to other molecules for the 
5 purpose of targeting. Targeted peptides (e.g., hormones or neurotransmitters), proteins 
such as antibodies, or non-peptide molecules can be coupled to liposomes chemically. 

Electroporation is another alternative mode of administration. For 
example, Aihara and Miyazaki, Nature Biotechnology 75:867 (1998), have 
demonstrated the use of in vivo electroporation for gene transfer into muscle. 
10 In an alternative approach to gene therapy, a therq>eutic gene may 

r encode a Zace2 anti-s»se RNA that inhibits the expression of 2iice2. Suitable 

sequences for anti'-sense molecules can be derived from fte nucleotide sequences or^ ^ 4:r ..'.'-:^<.:y^y^ 
Z7ce2 disclosed herein. 

V. ; >. ..^^v ^ A. .v^^ an expression vector can be constructed in -which a vv%^.. r v. - 

15 regulatory elmient is operably linked to a niicleotide sequence that encodes a ribos^^ 
Ribc^nnes can be designed to e3q>ress endonuclease activity tiiat is directed to a cert^ 
target sequence in a mRNA molecule (see, for example. Draper and Macejak, U.S. 
Patent No. 5,496,698, McSwiggen, U.S. Patent No. 5,525,468, Chownra and 
McSwiggen, U.S. Patent No. 5,631»359, and Robertson and Goldberg, U.S. Patent No. 
20 5,225337). In the context of the present invention, nhozyints include nucleotide 
sequences that bind with Zace2 mRNA. 

In another ^[^noach, esqmssion vectors can be construct 
ii^;uIalorydeniem directs the production of RNA transcri^ : v. : . ^ 

P-mediated cleavage of mRNA molecules that encode a Zace2 gene. According to tfiis 
25 approach, an external guide sequrace can be constructed for directing the endogenous 
ribozyme, RNase P, to a particular species of intracellular mRNA, which is subsequently 
cleaved by tfie ceUular ribozyme (see, for example, Altman et a/., U.S. Patent No. 
5,168,053, Yuan et al.. Science 263:1269 (1994), Pace et aL international publication 
No. WO 96/18733, George et al„ international publication No. WO 96/21731, and 
30 Werner ei al, mtemational publication No. WO 97/33991). Preferably, the eternal 
guide sequence comixises a ten to fifteen nucleotide sequence complementary to Zace2 
mRNA, and a 3-NCCA nucleotide sequence, herein N is preferably a purine. The 
external guide sequence transcrqsts bind to the targeted mRNA species by the formation 
of base pairs between the mRNA and the complementary external guide sequences, thus 
35 promoting cleavage of mRNA by RNase P at the nucleotide located at the 5*-side of the 
base-paired region. 
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In general, the dosage of a composition comprising a therapeutic vector 
having a Zace2 nucleotide acid sequence, such as a recombinant virus, will vary 
depending upon such factors as the subject's age, weight, height, sex, general medical 
condition and previous medical history. Suitable routes of administration of therapeutic 
5 vectors include intravenous injection, intraarterial injection, intraperitoneal injection, 
intramuscular injection, intratumoral injection, and injection into a cavity that contains 
a tumor. As an illustration, Horton et aL Proc. Nat 'I Acad ScL USA Ptf:1553 (1999), 
demonstrated that intramuscular injection of plasmid DNA encoding interferon-a 
produces potent antitumor effects on primary and metastatic tumors in a murine model. 
10 A composition comprising viral vectors, non-viral vectors, or a 

^ . combination of viral and non-yiral vectors of the pr^nt invention can be foimiilated 
V. /: according to known methods to prepare pharmac^itically useful compositions, whereby 
vectors or viruses are combined in a mixture with a pharmaceutically acceptable carrier. 
As.noted above, a composfitiqn, such as phosplmte-biiffered saline is said to be a^ 
IS "pharaoaceutically acceptable carrier^ if its administration can be tolerated by a 
recipient subject Other suitable carriers are well-known to those in the art (see, for 
cxamplCy Remington *s Pkmmaceutical Stnences, 19th Ed (Nfack Publishing Co. 1 995), 
t^^mmy^^i?^^ ihe -PfuamacologiccJ'^Basis of ^T7ierapeutics;'-^7th Ed (MacNGIlan 

Publishing Co. 1985)). 

20 For purposes of therqiy, a therapeutic gene expression vector, or a 

recombinant virus comprising such a vector, and a pharmaceutically acceptable carrier 
are administered to a subject in a thers^utically effective amount A combination of 
an esqiression vector (or virus) and a {diarmacoitically accqrtable canier is said to be 
administered in ^ '^erapeutically effective amount^ if the amount administered is 

25 physiologically significant An agent is physiologically significant if its presence 
results in a detectable change in the physiology of a recipient subject For example, 
common symptoms of Crohn^s disease include chronic dianfaea with abdominal pain, 
fever, anorexia, weight loss, and a right lower quadrant mass. An agent used to treat 
Crohn's disease is physiologically significant if its presence alleviates at least one of 

30 these symptoms. 

When the subject treated with a therapeutic gene expression vector or a 
recombinant virus is a human, then the therapy is preferably somatic cell gene therapy. 
That is, the preferred treatment of a human with a therapeutic gene expression vector or 
a recombinant virus does not entail introducing into cells a niicleic acid molecule that 

35 can form part of a human germ line and be passed onto successive generations (i.e., 
human germ line gene therapy). 
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14. Production of Transgenic Mice 

Transgenic mice can be engineered to over-express the Zace2 gene in all 
tissues or under the control of a tissue-specific or tissue-preferred regulatory element. 
These over-producers of Zace2 can be used to characterize the phenotype that results 
5 from over-expression, and the transgenic animals can serve as models for human 
disease caused by excess Zace2. Transgenic mice that over-express Zace2 also provide 
model bioreactors for production of Zace2 in the milk or blood of larger animals. 
Methods for producing transgem'c mice are well-known to those of skill in the art (see, 
for example, Jacob, ''Expression and Knockout of Interferons in Transgenic Mice,** in 

10 Overexpression and Knockout of Cytokines in Transgenic Mice, Jacob (ed.), pages 1 1 1 • 
124 (Academic Press» Ltd 1994), Monastersky and Robl (eds.), Strategies in 
Transgenic Ammat Sdevwe (ASM Press 1995), and Abbud and Nilson, Recombinant ^ 
Protein Expression in Transgenic Mice," in Gene Expression Systems: Using Nature for 
tlie Art of Expression^ Fonandez and HoefiQer (eds.), pages 367-397 (Academic Press, 

15 Inc. 1999)). 

For example, a mediod for producing a transgenicmouse that e?q>resses 
a Zdce2 gene can begin with adult, fertile males (studs) (B6C3fI, 2-8 months of age 
(Taconic Farms, Germantown, NY)), vasectomized males (duds) (B6^^ 
(Taconic Farms)), prepubescent fertile females (donors) (B6C3fl, 4-5 weeks, (Taconic 

20 Farms)) and adult fertfle females (recipients) (B6D2fl, 2-4 months, (Taconic Farms)). 
The donors are acclimated for one week and then injected with approximately 8 
lU/motise of Pre^iant Mare's Serum gonadotrophin (Sigma Chemical Company; SL 
Louis, MO) U., and 46-47 hours lator, 8 lU/mouse of human CSiorionic Gonadotropin 
(hCG (Sigma)) LP. to induce siqperovulation. Donors are mated with studs subsequent 

25 to hormone injections. Ovulation generally occurs within 13 hours of hCG injection. 
Copulation is confirmed by the presence of a vaginal plug the moming following 
mating. 

Fertilized eggs are collected under a surgical scope. The oviducts are 
collected and eggs are released into urinanalysis slides containing hyaluronidase 
30 (Sigma). Eggs are washed once m hyaluronidase, and twice in Whittm's W640 medium 
(described, for example, by Menino and O'Claray, Biol. Reprod 77:159 (1986), and 
Dienhart and Downs, Zygote 4:129 (1996)) that has been incubated with 5% CO^, 5% 
O^, and 90% N at 37^C. The eggs arc then stored in a 37X/5% CO^ incubator untU 
microinjection. 

35 Ten to twenty micrograms of plasmid DNA containing a Zace2 

encoding sequence is linearized, gel-purified, and resuspended in 10 mM Tris-HCl (pH 
7.4), 025 mM EDTA (pH 8.0), at a fmal concentration of 5-10 nanograms per 
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microliter for microinjection. For example, the Tacel encoding sequences can encode a 
polypeptide comprising amino acid residues 1 9 to 738 of SEQ ID N0s:2, 6, or 9. 

Pl .^^'nid DNA is microinjected into harvested eggs contained in a drop 
of W640 medium overlaid by viwau CO^-equilihrated mineral oil. The DNA is drawn 
5 into an injection needle (puUed fiom a 0.7Smm. ID, 1mm OD boiosilicate glass 
capillaiy), and injected into individual eggs. Each egg is penetrated with the injection 
needle, into one or both of the haploid pronuclei. 

Picoliters of DNA are injected into the pronuclei, and the injection 
needle withdrawn without coming into contact with the nucleoli. Tlie procedure is 
10 rqpeated imtil all the eggs are injected. Successfully microinjected eggs are transferred 
into an organ tissue-culture dish with pre-gassed W640 medium for storage overnight 
• in a 3T*C/5%CO^ incubator. t u^^^ 

The following day, two-cell embryos are transferred into 
pseudopregnant recipients. The recipients are identified by the presence of copulation 
1 s plugs, after copulating with vasectomized duds. Recipients are anesthetized and shaved 
on the dc»sal left side and transferred to a surgical microscope. A small indston is 
made in tfie skin and through ffae muscle wall in the middle of the abdominal area 
outline by the rilicage, the saddle, and the hind lejg, midway i>etvy^ idiee md splem^^ 
The reproductive (M:gans are exteriorized onto a small surgical drape. The fsX pad is 
20 stretched out over the surgical drsqpe, and a baby serrefine (Robo^ Rockville, MD) is 
attached to the fat pad and left hanging over the back of the mouse, inevrating the 
organs fiom sliding bade in. 

^th a fine transfer pipette containing minaal oil followed by 
alternating W640 and air bubbles, 12-17 healthy two-cell embryos fit)m the previous 
25 day's injection are transferred into the recipient. The swollen ampulla is located and 
holding the oviduct between the ampulla and the bursa, a nick in the oviduct is made 
with a 28 g needle close to the bursa, making sure not to tear the ampulla or the bursa. 

The pipette is transferred into the nick in the oviduct, and the eminyos 
are blown in, allowing the first air bubble to escs^ the pipette. The &t pad is gently 
30 pushed into the peritoneum, and the reproductive organs allowed to slide in. The 
peritoneal wall is closed with one suture and the skin closed with a wound clip. The 
mice recuperate on a yV'C slide warmer for a minimum of four hours. 

Tl.»* recipients are returned to cages in pairs, and allowed 19-21 days 
gestation. After birth, 19-21 days postpartum is allowed before weaning. The 
35 weanlings are sexed and placed into separate sex cages, and a 0.5 cm biopsy (used for 
genotyping) is snipped off the tail with clean scissors. 
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Genomic DNA is prepared from the tail snips using, for example, a 
QIAGEN DNEASY kit following the manufacturer's instructions. Genomic DNA is 
analyzed by PGR using primers designed to amplify a Zace2 gene or a selectable 
marker gene that was introduced in the same plasmid. After animals are confirmed to 
5 be transgenic, they are back-crossed into an inbred strain by placing a transgenic female 
with a wild-type male, or a transgenic male with one or two wild-type female(s). As 
pups are bom and weaned, the sexes are separated, and their tails snipped for 
genotypmg. 

To check for expression of a transgene in a live animal, a partial 

10 hepatectomy is performed. A surgical prep is made of the upper abdomen directly 

, . the ^phoid process. Using sterile technique, a small 1^-2 cm incision is made^ . 

, bdow the steminn and the left latoral lobe of the liver exteriorized. Usii% 4-0 silk, atie 
is made aroimd the lower lobe securing it outside the body cavity. An atraumatic clamp 
is used to hold the tie while a second loop of absorbable D^on (American Cyanamid; 

15 Wayne, N J.) is placed proximal to the first tie. A distal cut is made fiom the Dexon tie 
and ^proximately 100 mg of tfie excised liver tissue is placed in a sterile p^ dish. - 
The exdsed liver section is traiisfenfed to a 14 ml polype *^ 
^ > 'smq> fiozen in liquid nitrogen and then stored on dry ice. ^The surgical site is closed'^^^ 
with suture and wound clips, and the animal's cage placed on a 3T^C heating pad for 

20 24 hours post operatively. The animal is checked daily post operatively and the wound « ^ 
clips removed 7-10 days after surgery. The expression level of Zace2 mRNA is 
examined for each transgenic mouse using an RMA solution hybridization assay or 
polymerase diain reaction. 

In addition to producing transgenic mice that over-oqness Zace2, it is 

25 xiseful to engineer transgenic mice with either abnormally low or no expression of the 
gene. Such transgenic mice provide useful models for diseases associated with a lack 
of Zace2. As discussed above, Zace2 gene ^ression can be inhibited using anti-sense 
graes, ribo^me genes, or external guide sequence genes. To produce transgenic mice 
that under-express tte Zacel gene, sudi inhibitory sequences are targeted to Zace2 

30 mRNA. Methods for producing transgenic mice that have abnormally low exi»:ession 
of a particular gene are known to those in the art (see, for example, Wu et alj ""Gene 
Underexpression in Cultured Cells and Animals by Antisense DNA and RNA 
Strategies," in Methods in Gene Biotechnology, pages 205-224 (CRC Press 1997)). 

An alternative approach to producing transgenic mice that have little or 

35 no Zace2 gene expression is to generate mice having at least one normal Zace2 allele 
replaced by a nonftmctional Zace2 gene. One method of designing a nonfunctional 
Zace2 gene is to insert another gene, such as a selectable marker gene, within a nucleic 
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acid molecule that encodes Zace2. Standard methods for producing these so-called 
""knockout mice'' are knovm to those skilled in the art (see, for example, Jacob, 
'"Expression and Knockout of Interferons in Transgenic Mice," in Overexpression and 
Knockout of Cytokines in Transgenic Mice, Jacob (ed.), pages 111-124 (Academic 
5 Press, Ltd. 1994), and Wu et al, ""New Strategies for Gene Knockout,** in Methods in 
Gene Biotechnology, pages 339-365 (CRC Press 1997)). 

The present invention, thus generally described, will be understood more 
readily by reference to the following examples, which are provided by way of illustration 
10 and are not intended to be limiting of the present invention. 

EXAMPLEl 
Expresshn of the Human Zacel Gene 
Northern analyses were performed using Human Multq>le Ussue Blots 
15 (CLONTECH Laboratories, Inc., Palo Alto, CA). A human Zace2 cDNA probe 
comprising a 5' portion of the nucleotide sequence of SEQ ID N0:1 was ladioactivdy 
labeled using die Rediinrime H labeling kit (Amersham Pharmacia Biotech, Inc.; 
< Piscataway, NJ) according to the manu&cturer's protocol. The probe was purified 
using a NUCTRAP push column (STRATAGENE; La JoUa, CA). EXPRESSHYB 
20 (CLONTECH) solution was used for the prehybridization and hybridization solutions 
for the northern blots. Hybridization took place overnight at 65*'C. Following 
hybridization, the blots were washed four times at 25X in 2xSSC with 0.05% SDS at 
room t»iq>eiature, and 4en» twice at 50^ in O.lxSSC with 0.1% SDS. The results 
showed that the human Zace2 gene is predominantly e>q>ressed as a mRNA q)ecies of 
25 about four kilobases by testicular tissue, and that there is less expression in kidney, 
thyroid, small intestine, colon, heart, and potentially, adrenal tissues. In contrast, little 
or no expression \.'as obs^ed in ^leen, thymus, prostate, and ovarian tissues. 

EXAMPLE 2 

30 Expression of the Murine,Zace2 Gene 

Analyses of murine Zace2 gene expression were performed using Mouse 
Multiple Tissue Blots from OriGene Technologies, Inc. (Rockville, MD) and 
CLONTECH Laboratories, Inc. (Palo Alto, CA). A DNA probe of about 500 base pairs 
was prepared using a 35-cycle polymerase chain reaction with EX TAQ (PANVERA 
35 Corporation; Madison, WI) and an annealing temperature of eo^'C. Oiigo 21982 (5- 
GACTCCGATCATCAAGCGTCAACTA-3'; SEQ ID NO:10) was used to generate the 
5'-end of the DNA probe, and the 3*-end was generated with oligo 22997 (5 - 
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GGCAGGGAGGCATCCAGTGG-3'; SEQ ID NO: 11). The DNA probe was gel 
purified using QIAquick gel extraction kit (QIAGEN, Inc.; Valencia, CA), 
radioactively labeled with ^^P using the Rediprime II DNA labeling system (Amersham 
Pharmacia Biotech, Inc.; Piscataway, NJ) according to the manufacturer's 

S specifications, and the radiolabeled probe was purified using a NUCTRAP push 
column (STRATAGENE, La Jolla, CA). EXPRESSHYB (CLONTECH) solution was 
used for prehybridization and hybridization. Following an overnight hybridization at 
the blots were washed four times at IS^'C in 2xSSC with 0.05% SDS at room 
temperature, and then, twice at SO^'C in O.lxSSC with 0.1% SDS. Zace2 transcripts of 

10 about 3.5 kilobases and about 4.0 kilobases were observed in the following murine 
tissues: 17-day ^bryo, kidney, small intestine, and skin. Hybridization with a dot blot 
. ^ also produced signals in kidney^ smooth muscle (small intestine)^ and I J-day embryo^ 
tissues. RNAfix>m small intestine tissue produced the strongest signal. 
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CLAIMS 

What is claimed is: 

1. An isolated polypeptide^ comprising an amino acid sequence that is at 
least 70% identical to a reference amino acid sequence selected from the group consisting of: 
(a) amino acid residues 19 to 805 of either SEQ ID NO:6 or SEQ ID NO:9, (b) amino acid 
residues 1 9 to 738 of either SEQ ID N0:6 or SEQ ID N0:9, (c) ammo acid residues 1 9 to 708 
of either SEQ ID NO:6 or SEQ ID NO:9, (d) amino acid residues 19 to 613 of either SEQ ID 
N0:6 or SEQ ID N0:9, (e) amino acid residues 133 to 542 of either SEQ ID N0:6 or SEQ ID 
NO:9, (f) amino acid residues 344 to 542 of cither SEQ ID NO:6 or SEQ ID NO:9, and (g) 
aoiino acid residues 371 to 402 of SEQ ID NO:6, • - 

' herein the isolated polypeptide either (a) specifically biiids vdth an antibody 
that specifically binds >vith a polypeptide consisting of the amino acid sequence of either SEQ 
ID NO:6 or SEQ ID NO:9, or (b) exhibits dipeptidyl carboxypeptidase activity. 

2. The isolated polypeptide of claim 1, wherein the isolated polypeptide 
has an amino acid sequence that is at least 80% identical to the refa:ence amino acid 
sequence. 

3. The isolated polypeptide of claim 1» wherein the isolated polypq>tide 
has an amino acid sequence that is at least 90% identical to the reference amino acid 
sequence. 

4. The isolated polypeptide of claim 1, wherein the polypeptide is a 
metallopeptidase. 

5. The isolated polypeptide of claim 1, wherein the isolated polypeptide 
comprises amino acid residues 19 to 738 of either SEQ ID N0:6 or SEQ ID N0:9. 

6. The isolated polypeptide of claim 1, wherein the polypeptide 
comprises an amino acid sequence comprising the motif ''[GSTALIVN]-x-x*H-E- 
[IJVMFYW]-{DEHRKP}.H-x-[LrVMFYWGSPQ]," where "x" is any amino acid residue, 
acceptable amino acid residues are listed between square brackets, and unacceptable amino 
acid residues are listed between braces. 
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7. The isolated polypeptide of claim 1, comprising the amino acid 
sequence of either SEQ ID NO:6 or SEQ ID N0:9. 

8. A variant Zace2 polypeptide, wherein the amino acid sequence of the 
variant polypeptide shares an identity with the amino acid sequence of either SEQ ID NO:6 
or SEQ ID N0:9 selected from the group consisting of at least 70% identity, at least 80% 
identity, at least 90% identity, at least 95% identity, or greater than 95% identity, and wherein 
any difiTerence between the amino acid sequence of the variant polypeptide and the amino 
acid sequence of either SEQ ID NO:6 or SEQ ID NO:9 is due to one or more conservative 
amino acid substitutions. 

9. A variant Zai^ polypeptide, wfaorein the amino acid sequence of tiie 
variant polypeptide is a mutation of tiie amino arid sequence of either SEQ ID NO:6 or SEQ 
ID NO:9, which includes at least one amino acid substitution selected from the gjcoxxp 
consisting of: Ghi^ Val^^ Gly", Tyr*^, Val'^, Val'^, Val^, Val^'^ ffis^, Gly^, Asp''\ 
Gly^\ Val^, Ala^, Lys^« Lys^, Val^", Leu^, Lys^, Arg^, Lys««, Tyi^', Val^, Ile^, 
Gly^,. Ue^, Ile^, Thr^ Ala^.^^,. Sei^ Vaf^, Gly''\ VaP^, Ue!» Arg^, Arg^V Thr^,. and . 
Val"'. 

10. An isolated nucleic acid molecule that encodes a Zace2 polypeptide, 
i^dierein the nucleic acid molecule is selected fix>m the group consisting of (a) a nucleic acid 
molecule encoding an amino add sequence that comprises amino add residues 19 to 73S of 
SEQ ID NO:6, (b) a nucldc add molecule encoding an amino add sequence tiiat comprises 
amino acid residues 19 to 738 of SEQ ID N0:9, and (c) a nucldc acid molecule that remains 
hybridized following stringent wash conditions to a nucleic add molecule comprising the 
nucleotide sequence of nucleotides 106-2520 of SEQ ID NO:5, or the complement of 
nucleotides 106-2520 of SEQ ID NO:5. 

11. An expression vector, comprising the isolated nucleic acid molecule of 
claim 10, v^erein the nucleic acid molecule encodes an amino acid sequence comprising 
amino acid residues 19 to 738 of SEQ ID N0:6 or amino acid residues 19 to 738 of SEQ ID 
NO:9, a transcription promoter, and a transcription terminator, v^erein the promoter is 
operably linked with the nucldc acid molecule, and wherein the nucleic acid molecule is 
operably linked with the transcription terminator. 
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12. A recombinant host cell comprising the expression vector of claim 1 1, 
wherein the host cell is selected fix>m the group consisting of bacterium, yeast cell, fimgal 
cell, insect cell, avian cell, mammalian cell, and plant cell. 

13. A method of using the expression vector of claim 1 1 to produce Zace2 
protein, comprising culturing recombinant host cells that comprise the expression vector and 
that produce the Zace2 protein. 

14. The method of claim 13, further comprising isolating the Zace2 protein 
fiom the cultured recombinant host cells. 

IS: An jantibody or antibody fiagment that spedfiodly l^ids vnA the 
polypq^de of claim 5. 

16. An antiidiotype antibody, or anti-idiotype antibody fragment, that 
specifically binds with the antibody or antibody fi^igment of claim 15, v^erein the anti* 
idiotype antibody, or anti-idiotype antibody fragment, possesses dipeptidyl carboxypeptidase 
activity. 

17. A method of detecting the presence of Zace2 RNA in a biological 
sample, comprising : 

(a) oontactiiig a Zace2 nuddc add {nobe uncter l^faiidizmg oonditipns 
widi eitfier (i) test RNA molecides isolated from die faiok^cal sanqyfe^ 

acid molecules synthesized fiom the isolated RNA molecules, wherein the probe has a 
nucleotide sequence comprising a portion of the nucleotide sequence of SEQ ID 
NO:S, or the complement of the nucleotide sequence of SEQ ID NO:5, and 

(b) detecting the formation of hybrids of the nucleic acid probe and either 
the test RNA molecules or the synthesized nucleic acid molecules, 

wherein ihe presence of the hybrids indicates the presence of Zace2 RNA in 
the biological sample. 

18. A method of detecting the presoice of Zace2 in a biological sample, 
conq>rising the steps of: 

(a) contacting the biological sample with an antibody, or an antibody 
fragment, that specifically binds with a polypeptide consisting of the amino acid 
sequence of either SEQ ID N0:6 or SEQ ID N0:9, wherein the contacting is 
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perfoimed under conditions that allow the binding of the antibody or antibody 
fragment to the biological sample, and 

(b) detecting any of the bound antibody or bound antibody fragment. 

1 9. A recombinant virus, comprising the expression vector of claim 1 1 . 

20. A composition, comprising a carrier and at least one of the expression 
vector of claim 1 1, or a recombinant virus that comprises the expression vector of claim 1 1 . 

21. A composition, ccnnprising the isolated polypeptide of claim S and a 



carrier.- - 
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SEQUENCE LISTING 

<110> ZymoGenetics, Inc. 

<120> ZACE2: A HUMAN METALLOENZYME 

<130> 99-24PC 

<160> 11 

<170> FastSEQ for Windows Version 3.0 

. -<210> 1 • - . : ....... . 

<212> DNA 

<213> Homo sapiens 

<220> 

<222> (35)... (2449) 

<400> 1 

attcagtgga tgtgatcttg gctcacaggg gacg atg tea age tct tec tgg etc 55 

Met Ser Ser Ser Ser Trp Leu 
1 5 

ctt etc age ett gtt get gta act get get eag tee ace att gag gaa 103 
Leu Leu Ser Leu Val Ala Val Thr Ala Ala Gin Ser Thr He Glu Glu i . 

10 15 20 

eag gee aag aca ttt ttg gae aag ttt aac eae gaa gee gaa gac ctg 151 
Gin Ala Lys Thr Phe Leu Asp Lys Phe Asn His Glu Ala Glu Asp Leu 
25 30 35 

tte tat eaa agt tea ett get tet tgg aat tat aac ace aat att act 199 
Phe Tyr Gin Ser Ser Leu Ala Ser Trp Asn Tyr Asn Thr Asn He Thr 
40 45 50 55 

gaa gag aat gte eaa aac atg aat aat get ggg gae aaa tgg tct gee 247 
Glu Glu Asn Val Gin Asn Met Asn Asn Ala Gly Asp Lys Trp Ser Ala 
60 65 70 

ttt tta aag gaa eag tee aca ett gee eaa atg tat eca eta eaa gaa 295 
Phe Leu Lys Glu Gin Ser Thr Leu Ala Gin Met Tyr Pro Leu Gin Glu 
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75 80 85 

att cag aat etc aca gtc aag ctt cag ctg cag get ctt cag caa aat 343 
He Gin Asn Leu Thr Val Lys Leu Gin Leu Gin Ala Leu Gin Gin Asn 
90 95 100 

ggg tct tea gtg etc tea gaa gac aag age aaa egg ttg aac aca att 391 
Gly Ser Ser Val Leu Ser Glu Asp Lys Ser Lys Arg Leu Asn Thr He 
105 110 115 

eta aat aca atg age ace ate tac agt act gga aaa gtt tgt aac cea 439 

Leu Asn Thr Met Ser Thr He Tyr Ser Thr Gly Lys Val Cys Asn Pro 

120 125 130 ' 135. . 

gat aat tea caa gaa tgc tta tta ctt gaa cea ggt ttg aat gaa ata ' 487 
Asp Asn Pro Gin Glu Cys Leu Leu Leu Glu Pro Gly Leu. Asn Glu He 

.140 145 ; 150 , , . : ^ 

atg gea aac agt tta gac tac aat gag agg etc tgg get tgg gaa age 535 
htet Ala Ash Ser Le»j Asp Tyr Asn GTu Arg Leu Trp Ala Trp Glu Ser- 
155 160 165 

tgg aga tct gag gtc ggc aag cag ctg agg cea tta tat gaa gag tat 583 
Trp Arg Ser Glu Val Gly Lys Gin Leu Arg Pro Leu Tyr Glu Glu Tyr 
170 175 180 

gtg gtc ttg aaa aat gag atg gca aga gca aat cat tat gag gac tat 631 . 
Val Val Leu Lys Asn Glu Met Ala Arg Ala Asn His Tyr Glu Asp Tyr 
185 190 195 

ggg gat tat tgg aga gga gac tat gaa gta aat ggg gta gat ggc tat 679 
Gly Asp Tyr Trp Arg Gly Asp Tyr Glu Val Asn Gly Val Asp Gly Tyr 
200 205 210 215 

gac tac age cgc ggc cag ttg att gaa gat gtg gaa cat acc ttt gaa 727 
Asp Tyr Ser Arg Gly Gin Leu He Glu Asp Val Glu His Thr Phe Glu 
220 225 230 

gag att aaa cea tt- tat gaa cat ctt cat gcc tat gtg agg gca aag 775 
Glu He Lys Pro Leu Tyr Glu His Leu His Ala Tyr Val Arg Ala Lys 
235 240 245 

ttg atg aat gcc tat cct tec tat ate agt cea att gga tgc etc act 823 
Leu Met Asn Ala Tyr Pro Ser Tyr He Ser Pro He Gly Cys Leu Pro 
250 255 260 
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get cat ttg ctt ggt gat atg tgg ggt aga ttt tgg aca aat ctg tac 871 
Ala His Leu Leu Gly Asp Met Trp Gly Arg Phe Trp Thr Asn Leu Tyr 
265 270 275 

tct ttg aca gtt ccc ttt gga cag aaa cca aac ata gat gtt act gat 919 
Ser Leu Thr Val Prj Phe Gly Gin Lys Pro Asn He Asp Val Thr Asp 
280 285 290 295 

gca atg gtg gac cag gcc tgg gat gca cag aga ata ttc aag gag gcc 967 
Ala Met Val Asp Gin Ala Trp Asp Ala Gin Arg He Phe Lys Glu Ala 
300 305 310 

gag aag ttc ttt gta tct gtt ggt ctt cct aat atg act caa gga ttc 1015 
Glu Lys Phe Phe Val Ser Val Gly Leu Pro Asn Met Thr Gin Gly Phe 
315 . 320 , 325 

tgg gaa aat tec atg eta acg gac cca gga aat gtt cag aaa gca gtc 1063 
Trp Glu Asn Ser Met Leu Thr Asp Pro Gly Asn Val Gin Lys Ala Val 
330 335 340 

tgc cat ccc aca get tgg^gac ctg ggg aal ggc gac ttc^lgg ate ctt 1111 
Cys His Pro Thr Ala Trp Asp Leu Gly Lys Gly Asp Phe Arg He Leu 
345 350 355 

atg tgc aca aag gts aca atg gac gac ttc ctg aca get cat eat gag 1159 
Met Cys Thr Lys Val Thr Met Asp Asp Phe Leu Thr Ala His His Glu 
360 365 370 375 

atg ggg cat ate cag tat gat atg gca tat get gca caa cct ttt ctg 1207 
Met Gly His He Gin Tyr Asp Met Ala Tyr Ala Ala Gin Pro Phe Leu 
380 385 390 

eta aga aat gga get aat gaa gga ttc cat gaa get gtt ggg gaa ate 1255 
Leu Arg Asn Gly Ala Asn Glu Gly Phe His Glu Ala Val Gly Glu He 
395 400 405 

atg tea ctt tct gca gee aca cct aag cat tta aaa tec att ggt ctt 1303 
Met Ser Leu Ser Ala Ala Thr Pro Lys His Leu Lys Ser He Gly Leu 
410 415 420 

ctg tea ccc gat ttt caa gaa gac aat gaa aca gaa ata aac ttc ctg 1351 
Leu Ser Pro Asp Phe Gin Glu Asp Asn Glu Thr Glu He Asn Phe Leu 
425 430 435 
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etc aaa caa gca etc acg att gtt ggg act ctg cea ttt act tac atg 1399 
Lai Lys Gin Ala Leu Thr He Val Gly Thr Leu Pro Phe Thr Tyr Met 
440 • 445 450 455 

tta gag aag tgg agg tgg atg gtc ttt aaa ggg gaa att ccc aaa gac 1447 
Leu Glu Lys Trp Arg Trp Met Val Phe Lys Gly Glu He Pro Lys Asp 
460 465 470 

eag tgg atg aaa aag tgg tgg gag atg aag ega gag ata gtt ggg gtg 1495 
Gin Trp Met Lys Lys Trp Trp Glu Met Lys Arg Glu He Val Gly Val 
475 480 485 

gtg gaa cet gtg eec cat gat gaa aca tae tgt gac, ecc gca tct ctg 1543 - . , . - . - 
Val Glu Pro Val Pro His Asp Glu Thr Tyr Cys Asp Pro Ala Ser Leu . - . ; 

'490 495 500 

ttc eat gtt tct aat gat tac tea tte att ega tat tac aca agg ace 1591 
Phe His Val Ser Asn Asp Tyr Ser Phe He Arg Tyr Tyr Thr Arg Thr 

505 ... 510 . ............ 

ett tac caa ttc cag ttt caa gaa gca ett tgt caa gca get aaa cat 1639 

^ pi^g Gin Phe' Glri GTu "Al a^Le'rCys ■ Gl n^'ATa Al ^-^ys hi* s 
520 525 530 535 

gaa ggc cet ctg cac aaa tgt gae ate tea aae tet aca gaa get gga 1687 
Glu Gly Pro Leu His Lys Cys Asp He Ser Asn Ser Thr Glu Ala Gly 
540 545 550 

cag aaa ctg ttc aat atg ctg agg ett gga aaa tea gaa ccc tgg ace 1735 
Gin Lys Leu Phe Asn Met Leu Arg Leu Gly Lys Ser Glu Pro Trp Thr 
555 560 565 

eta gca ttg gaa aat gtt gta gga gea aag aae atg aat gta agg cca 1783 
Leu Ala Leu Glu Asn Val Val Gly Ala Lys Asn Met Asn Val Arg Pro 
570 575 580 

ctg etc aae tac ttt gag ccc tta ttt ace tgg ctg aaa gae eag aae 1831 
Leu Leu Asn Tyr Phe Glu Pro Leu Phe Thr Trp Leu Lys Asp Gin Asn 
585 590 595 

aag aat tct ttt gtg gga tgg agt aec gae tgg agt eea tat gca gac 1879 

Lys Asn Ser Phe Val Gly Trp Ser Thr Asp Trp Ser Pro Tyr Ala Asp 
600 605 610 615 
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caa age ate aaa gtg agg ata age eta aaa tea get ett gga gat aaa 1927 
Gin Ser lie Lys Val Arg He Ser Leu Lys Sen Ala Leu Gly Asp Lys 
620 625 630 

gca tat gaa tgg aae gae aat gaa atg tae etg tte ega tea tet gtt 1975 
Ala Tyr Glu Trp Asn Asp Asn Glu Met Tyr Leu Phe Arg Ser Ser Val 
635 640 645 

gea tat get atg agg cag tae ttt tta aaa gta aaa aat eag atg att 2023 
Ala Tyr Ala Met Arg Gin Tyr Phe Leu Lys Val Lys Asn Gin Met He 
650 655 660 

ctt ttt ggg gag gag gat gtg ega gtg get aat ttg aaa cea aga ate 2071 . 
Leu Phe Gly Glu Glu Asp Val Arg Val Ala Asn Leu Lys Pro Arg He 
665 670 675 

tee ttt aat tte ttt gte aet gea eet aaa aat gtg tet gat ate att 2119 
Ser Phe Asn Phe Ph.- Val Thr Ala Pro Lys Asn Val Ser Asp He He 

eet aga aet gaa gtt gaa aag gee ate agg atg tee egg age egt ate 2167 
Pro Arg 'Thr Glu Val GTii Lys^Ala He'Arg Met ser Arg'SerAr^*He'^^""''''"^^""^''^^ 
700 705 710 

aat gat get tte egt etg aat gae aae age eta gag ttt etg ggg ata 2215 
Asn Asp Ala Phe Arg Leu Asn Asp Asn Ser Leu Glu Phe Leu Gly He 
715 720 725 

cag oca aca ctt gga cct cct aac cag ccc cct gtt tec ata tgg etg 2263 
Gin Pro Thr Leu Gly Pro Pro Asn Gin Pro Pro Val Ser He Trp Leu 
730 735 740 

att gtt ttt gga gtt gtg atg gga gtg ata gtg gtt gge att gte ate 2311 
He Val Phe Gly Val Val Met Gly Val He Val Val Gly He Val He 
745 750 755 

etg ate tte aet ggg ate aga gat egg aag aag aaa aat aaa gca aga 2359 
Leu He Phe Thr Gly He Arg Asp Arg Lys Lys Lys Asn Lys Ala Arg 
760 765 770 775 

agt gga gaa aat cct tat gee tee ate gat att age aaa gga gaa aat 2407 

Ser Gly Glu Asn Pro Tyr Ala Ser He Asp He Ser Lys Gly Glu Asn 
780 785 790 
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aat cca gga ttc caa aac act gat gat gtt cag acc tec ttt 2449 
Asn Pro 61y Phe Gin Asn Thr Asp Asp Val Gin Thr Ser Phe 
795 800 805 



ttaatttcat 


2509 


actctgttca 


2569 


gacattgctt 


2629 


aggattttgt 


2689 


gataatctaa 


2749 


gagcaagtgt 


2809 


aactggtgta 


2869 


tgtcaaggat 


2929 


acagtgatgt 


2989 


tccagggaac 


3049 


ctgacaacac 


■3109 


actcatttct 


3169 


tctgaagtgg 


3229 - 


ctgagcacaa 


3289 
3334 



agcagacact caataaatgc tagatttaca cactccttgt gctta s^^^ ^ ... 

<210> 2 





<212> 


PRT 




























<213> 


Homo sopiens 






















<400> 


2 


























Met 


Ser Ser 


Ser 


Ser 


Trp 


Leu 


Leu 


Leu 


Ser 


Leu 


Val 


Ala 


Val 


Thr 


Ala 


1 






5 










10 










15 




Ala 


Gin Ser 


Thr 


lie 


Glu 


Glu 


Gin 


Ala 


Lys 


Thr 


Phe 


Leu 


Asp 


Lys 


Phe 






20 










25 










30 






Asn 


His Glu 


Ala 


Glu 


Asp 


Leu 


Phe 


Tyr 


Gin 


Ser 


Ser 


Leu 


Ala 


Ser 


Trp 




35 










40 










45 






Asn 


Tyr Asn 


Thr 


Asn 


He 


Thr 


Glu 


Glu 


Asn 


Val 


Gin 


Asn 


Met 


Asn 


Asn 




50 








55 










60 










Ala 


Gly Asp 


Lys 


Trp 


Ser 


Ala 


Phe 


Leu 


Lys 


Glu 


Gin 


Ser 


Thr 


Leu 


Ala 


65 








70 










75 










80 


Gin 


Net Tyr 


Pro 


Leu 


Gin 


Glu 


He 


Gin 


Asn 


Leu 


Thr 


Val 


Lys 


Leu 


Gin 








85 










90 










95 




Leu 


Gin A1a 


Leu 


Gin 


Gin 


Asn 


Gly 


Ser 


Ser 


Val 


Leu 


Ser 


Glu 


Asp 


Lys 






100 










105 










110 




Ser 


Lys Arg 


Leu 


Asn 


Thr 


He 


Leu 


Asn 


Thr 


Met 


Ser 


Thr 


He 


Tyr 


Ser 




115 










120 










125 








Thr 


Gly Lys 


Val 




Asn 


Pro 


Asp 


Asn 


Pro 


Gin 


Glu 


Cys 


Leu 


Leu 


Leu 




130 








135 










140 










Glu 


Pro Gly 


Leu 


Asn 


Glu 


He 


Met 


Ala 


Asn 


Ser 


Leu 


Asp 


Tyr 


Asn 


Glu 
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14b 


1 cn 
IbU 




1 CC 

155 










IbU 


Arg Leu Trp 


Ala Trp Glu Ser Trp Arg 


Ser 


Glu 


Val 


Gly 


Lys 


Gin 


Leu 




165 


170 










175 




Arg Pro Leu 


Tyr Glu Glu Tyr Val Val 


Leu 


Lys 


Asn 


Glu 


Met 


A T _ 

Ala 


Arg 




180 185 










190 






Ala Asn His 


Tyr Glu Asp Tyr Gly Asp 


Tyr 


Trp 


Arg 


Gly 


Asp 


Tyr 


Glu 


195 


200 








205 








Val Asn Gly 


Val Asp Gly Tyr Asp Tyr 


Ser 


Arg 


Gly 


Gin 


Leu 


He 


Glu 


210 


215 






220 










Asp Va1 Glu 


His Thr Phe Glu Glu He 


Lys 


Pro 


Leu 


Tyr 


Glu 


His 


Leu 


225 


230 




235 










240 


His Ala Tyr 


Val Arg Ala Lys Leu Met 


Asn 


Ala 


Tyr 


Pro 


Ser 


Tyr 


He 




245 


250 










255 




Ser Pro He 


Gly Cys Leu Pro Ala His 


Leu 


Leu 


Gly 


Asp 


Met 


Trp 


Gly 




260 265 










270 






Arg Phe Trp 


Thr Asn Leu Tyr Ser Leu 


Thr 


Val 


Pro 


Phe 


Gly 


Gin 


Lys 


275 


280 








285 








Pro Asn He 


Asp Val Thr Asp Ala Met 


Val 


Asp 


Gin 


Ala 


Trp 


Asp 


Ala 


290 


295 






300 










Gin Arg lie 


Phe Lys Glu Ala Glu Lys 


Phe 


Phe 


Val 


Ser 


Val 


Gly 


Leu 


305 


310 




315 










320 




Thr Gin Gly Phe Trp Glu 


'Asn 


Ser 


Met 


Leu 


Thr 


Asp 


Pro 




325 


330 










335 




Gly Asn Val 


Gin Lys Ala Val Cys His 


Pro 


Thr 


Ala 


Trp 


Asp 


Leu 


Gly 




340 345 










350 






L^s Gly Asp 


A V ^ ft ft 4 ^ 

Phe Arg He Leu Met Cys 


Thr 


Lys 


Val 


Thr 


Met 


Asp 


Asp 


355 


360 








365 








Phe Leu Thr 


Ala His His Glu Met Gly 


His 


He 


Gin 


Tyr 


Asp 


Met 


Ala 


370 


375 






380 










Tyr Ala Ala 


Gin Pro Phe Leu Leu Arg 


Asn 


Gly 


Ala 


Asn 


Glu 


Gly 


Phe 


385 


390 




395 










400 


His Glu Ala 


Val Gly Glu He Met Ser 


Leu 


Ser 


Ala 


Ala 


Thr 


Pro 


Lys 




405 


410 










ill r* 

415 




His Leu Lys 


Ser He Gly Leu Leu Ser 


Pro 


Asp 


Phe 


Gin 


Glu 


Asp 


Asn 




420 425 










430 






Glu Thr Glu 


He Asn Phe Leu Leu Lys 


Gin 


Ala 


Leu 


Thr 


He 


Val 


Gly 


435 


440 








445 








{MM 1 All Dtf^A 

inr Leu rro 


pne inr lyr net Leu biu 


Lys 


Trp 


Arg 


Trp 


net 


va 1 


rne 


450 


455 






460 










Lys Gly Glu 


He Pro Lys Asp Gin Trp 


Met 


Lys 


Lys 


Trp 


Trp 


Glu 


Met 


465 


470 




475 










480 


Lys Arg Glu 


He Val Gly Val Val Glu 


Pro 


Val 


Pro 


His 


Asp 


Glu 


Thr 




485 


490 










495 




Tyr Cys Asp 


Pro Ala Ser Leu Phe His 


Val 


Ser 


Asn 


Asp 


Tyr 


Ser 


Phe 
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500 505 510 

He Arg Tyr Tyr Thr Arg Thr Leu Tyr Gin Phe Gin Phe Gin Glu Ala 

515 520 525 

Leu Cys Gin Ala Ala Lys His Glu Gly Pro Leu His Lys Cys Asp He 

530 535 540 

Ser Asn Ser Thr Glu Ala Gly Gin Lys Leu Phe Asn Met Leu Arg Leu 
545 550 555 560 

Gly Lys Ser Glu Pro Trp Thr Leu Ala Leu Glu Asn Val Val Gly Ala 

565 570 575 

Lys Asn Met Asn Val Arg Pro Leu Leu Asn Tyr Phe Glu Pro Leu Phe 

580 585 590 

Thr Trp Leu Lys Asp Gin Asn Lys Asn Ser Phe Val Gly Trp Ser Thr 

595 600 605 

Asp Trp Ser Pro Tyr Ala Asp Gin Ser He Lys Val Arg lie Ser Leu ' 
' 610 615 620 . . ^ 

Lys Ser Ala Leu Gl" Asp Lys Ala Tyr Glu Trp Asn Asp Asn Glu Met 
625 630 635 640 

Tyr Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Gin Tyr Phe Leu 

645 . 650 655 

Lys Val Lys Asn Gin Met He Leu Phe Gly Glu Glu Asp Val Arg Val 
660 665 670 

. . . >..*«.K .^^».Ala Asn Leu Lys Pro Arg lie Ser Phe Asn Phe Phe Val *Thr Ala Pro ^•vrw':*^". -^---^^ifwiW *^ 

675 680 685 

Lys Asn Val Ser Asp He He Pro Arg Thr Glu Val Glu Lys Ala He 

690 695 700 

Arg Met Ser Arg Ser Arg He Asn Asp Ala Phe Arg Leu Asn Asp Asn 
705 710 715 720 

Ser Leu Glu Phe Leu Gly He Gin Pro Thr Leu Gly Pro Pro Asn Gin 

725 730 735 

Pro Pro Val Ser He Trp Leu He Val Phe Gly Val Val Met Gly Val 

740 745 750 

He Val Val Gly He Val He Leu He Phe Thr Gly He Arg Asp Arg 

755 760 765 

Lys Lys Lys Asn Lys Ala Arg Ser Gly Glu Asn Pro Tyr Ala Ser He 

770 775 780 

Asp He Ser Lys Gly Glu Asn Asn Pro Gly Phe Gin Asn Thr Asp Asp 
785 790 795 BOO 

Val Gin Thr Ser Phe 
805 

<210> 3 
<211> 2415 
<212> DMA 

<213> Artificial Sequence 



0 
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<220> 

<223> This degenerate sequence encodes the amino acid 
sequenf-e of SEQ ID NO: 2. 

<221> misc_feature 
<222> (1)...(2415) 
<223> n = A.T.C or G 

<400> 3 

atgwsnwsnw snwsntggyt nytnytnwsn ytngtngcng tnacngcngc ncarwsnacn 60 

athgargarc argcnaarac nttyytngay aarttyaayc aygargcnga rgayytntty 120 

taycarwsnw snytngcnws ntggaaytay aayacnaaya thacngarga raaygtncar 180 

aayatgaaya aygcnggnga yaartggwsn gcnttyytna argarcarws nacnytngcn 240 

caratgtayc cnytncarga rathcaraay ytriacngtha arytncaryt ncargcnytn 300 

carcaraayg gnwsnwsngt nytnwsngar gayaarwsna armgnytnaa yacnathytn ' 360 

aayacnatgw snacnathta ywsnacnggn aargtntgya ayccngayaa yccncargar 420 

tgyytnytny tngarccngg nytnaaygar athatggcna aywsnytnga ytayaaygar 480 

mgnytntggg cntgggarws ntggmgnwsn gargtnggna arcarytnmg nccnytntay 540 

gargartayg tngtnytnaa raaygaratg gcntngngcna aycaytayga rgaytayggn 600 

gaytaytggra gnggngayta ygargtnaay ggngtngayg gntaygayta ywsnmgnggn 660 

carytnathg argaygtnga rcayacntty gargaratha arccnytnta ygarcayytn 720 

^caygcntayg tnmgngaiaa rytnatgaay gcntayccnw sntayathws nccnathggn - 780 

tgyytnccng cncayytnyt nggngayatg tggggnmgnt tytggacnaa yytntaywsn 840 

ytnacngtnc cnttyggnca raarccnaay athgaygtna cngaygcnat ggtngaycar 900 

gcntgggayg cncarmgnat httyaargar gcngaraart tyttygtnws ngtnggnytn 960 

ccnaayatga cncarggntt ytgggaraay wsnatgytna cngayccngg naaygtncar 1020 

aargcngtnt gycayccnac ngcntgggay ytnggnaarg gngayttymg nathytnatg 1080 

tgyacnaarg tnacnatgga ygayttyytn acngcncayc aygaratggg ncayathcar 1140 

taygayatgg cntaygcngc ncarccntty ytnytnmgna ayggngcnaa ygarggntty 1200 

caygargcng tnggngarat hatgwsnytn wsngcngcna cnccnaarca yytnaarwsn 1260 

athggnytny tnwsnccnga yttycargar gayaaygara cngarathaa yttyytnytn 1320 

aarcargcny tnacnathgt nggnacnytn ccnttyacnt ayatgytnga raartggragn 1380 

tggatggtnt tyaarggnga rathccnaar gaycartgga tgaaraartg gtgggaratg 1440 

aarmgngara thgtnggngt ngtngarccn gtnccncayg aygaracnta ytgygayccn 1500 

gcnwsnytnt tycaygtnws naaygaytay wsnttyathm gntaytayac nmgnacnytn 1560 

taycarttyc arttycarga rgcnytntgy cargcngcna arcaygargg nccnytncay 1620 

aartgygaya thwsnaayws nacngargcn ggncaraary tnttyaayat gytnnignytn 1680 

ggnaarwsng arccntggac nytngcnytn garaaygtng tnggngcnaa raayatgaay 1740 

gtnmgnccny tnytnaayta yttygarccn ytnttyacnt ggytnaarga ycaraayaar 1800 

aaywsnttyg tnggntgnws nacngaytgg wsnccntayg cngaycarws nathaargtn 1860 

mgnathwsny tnaarwsr.gc nytnggngay aargcntayg artggaayga yaaygaratg 1920 

tayytnttym gnwsnwsngt ngcntaygcn atgmgncart ayttyytnaa rgtnaaraay 1980 

caratgathy tnttyggnga rgargaygtn mgngtngcna ayytnaarcc nmgnathwsn 2040 

ttyaayttyt tygtnacngc nccnaaraay gtnwsngaya thathccnmg nacngargtn 2100 

garaargcna thragnatgws nmgnwsnmgn athaaygayg cnttymgnyt naaygayaay 2160 
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wsnytngart tyytnggnat hcarccnacn ytnggnccnc cnaaycarcc nccngtnwsn 2220 

athtggytna thgtnttygg ngtngtnatg ggngtnathg tngtnggnat hgtnathytn 2280 

athttyacng gnathnignga ymgnaaraar aaraayaarg cnmgnwsngg ngaraayccn 2340 

taygcnwsna thgayathws naarggngar aayaayccng gnttycaraa yacngaygay 2400 

gtncaracnw sntty 2415 

<210> 4 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Peptide linker 

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1 5 10 15 

<210> 5 

<211> 2638 ...... ....w- • ... 

<212> DNA 

<220> 

<221> COS * 
<222> (106)... (2520) 

<400> 5 

agtgcccaac ccaagttcaa aggctgatga gagagaaaaa ctcatgaaga gattttactc 60 
tagggaaagt tgctcagtgg atgggatctt ggcgcacggg gaaag atg tec age tec 117 

Met Ser Ser Ser 
1 

tec tgg etc ctt etc age ctt gtt get gtt act act get eag tec etc 165 
Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr Thr Ala Gin Ser Leu 
5 10 15 20 

ace gag gaa aat gee aag aca ttt tta aac aac ttt aat eag gaa get 213 
Thr Glu Glu Asn Ala Lys Thr Phe Leu Asn Asn Phe Asn Gin Glu Ala 
25 30 35 

gaa gae ctg tct tat caa agt tea ctt get tct tgg aat tat aat act 261 
Glu Asp Leu Ser Tyr Gin Ser Ser Leu Ala Ser Trp Asn Tyr Asn Thr 
40 45 50 
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aac att act gaa gaa aat gcc caa aag atg agt gag get gca gcc aaa 309 
Asn He Thr Glu Glu Asn Ala Gin Lys Met Ser Glu Ala Ala Ala lys 
55 60 65 

tgg tct gcc ttt tat gaa gaa cag tct aag act gcc caa agt ttc tea 357 
Trp Ser Ala Phe Tyr Glu Glu Gin Ser Lys Thr Ala Gin Ser Phe Ser 
70 75 80 

eta caa gaa ate eag act ccg ate ate aag egt caa eta cag gee ctt 405 
Leu Gin Glu He Gin Thr Pro He He Lys Arg Gin Leu Gin Ala Leu 
85 90 95 100 

. . cag caa agt ggg tct tea gca etc tea gca gac aag aac aaa cag ttg 453 v - , 

Gin Gin Ser Gly Ser Ser Ala Leu Ser Ala Asp Lys Asn Lys Gin Leu 
105 ■ 110 115 

aac aca att ctg aac ace atg age acc att tae agt act gga aaa gtt 501 
Asn Thr He Leu Asn Thr Met Ser Thr He Tyr Ser Thr Gly Lys Val 

tgc aac cea aag aac cea caa gaa tgc tta tta ctt gag cea gga ttg 549 
^'^-'■ *^'^"*Cys^Asn'Pro Lys'Asn Pro CTn*^^^^ 

135 140 145 

gat gaa ata atg gcg aca age aca gac tae aac tct agg etc tgg gca 597 
Asp Glu He Met Ala Thr Ser Thr Asp Tyr Asn Ser Arg Leu Trp Ala 
150 155 160 

tgg gag ggc tgg agg get gag gtt ggc aag cag ctg agg ccg ttg tat 645 
Trp Glu Gly Trp Arg Ala Glu Val Gly Lys Gin Leu Arg Pro Leu Tyr 
165 170 175 180 

gaa gag tat gtg gtt ctg aaa aac gag atg gca aga gca aac aat tat 693 
Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg Ala Asn Asn Tyr 
185 190 195 

aac gac tat ggg gat tat tgg aga ggg gac tat gaa gca gag gga gca 741 
Asn Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu Ala Glu Gly Ala 
200 205 210 

gat ggc tae aac tat aac cgt aac cag ttg att gaa gat gta gaa cgt 789 

Asp Gly Tyr Asn Tyr Asn Arg Asn Gin Leu He Glu Asp Val Glu Arg 
215 220 225 
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acc ttc gca gag atr aag cca ttg tat gag cat ctt cat gcc tat gtg 837 
Thr Phe Ala Glu lie Lys Pro Leu Tyr Glu His Leu His Ala Tyr Val 
230 235 240 

agg agg aag ttg atg gat acc tac cct tec tac ate age ccc act gga 885 
Arg Arg Lys Leu Met Asp Thr Tyr Pro Ser Tyr He Ser Pro Thr Gly 
245 250 255 260 

tgc etc cct gcc cat ttg ctt ggt gat atg tgg ggt aga ttt tgg aca 933 
Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly Arg Phe Trp Thr 
265 270 275 

aat ctg tac cct ttg act gtt ccc ttt gca cag aaa cca aac ata gat 981 
Asn Leu Tyr Pro Leu Thr Val Pro Phe Ala Gin Lys Pro Asn He Asp 
280 285 290 

gtt act gat gca atg atg aat cag ggc tgg gat gca gaa agg ata ttt 1029 
Val Thr Asp Ala Met Met Asn Gin Gly Trp Asp Ala Glu Arg He Phe 

■ .. .... ; 295 . 300 . 305 



caa gag gca gag aaa ttc ttt gtt tet gtt ggc ctt cct eat atg act 1077 
'^'^^^"'-■'-^Gln Glu-Ala Glu Lys 

310 315 320 

caa gga ttc tgg gca aac tct atg ctg act gag cca gca gat ggc egg 1125 
Gin Gly Phe Trp Ala Asn Ser Met Leu Thr Glu Pro Ala Asp Gly Arg 
325 330 . 335 340 

aaa gtt gtc tgc cac ccc aca get tgg gat ctg gga cac gga gae ttc 1173 
Lys Val Val Cys His Pro Thr Ala Trp Asp Leu Gly His Gly Asp Phe 
345 350 355 

aga ate aag atg tgt aca aag gtc aca atg gac aac ttc ttg aca gcc 1221 
Arg He Lys Met Cys Thr Lys Val Thr Met Asp Asn Phe Leu Thr Ala 
360 365 370 

cat cac gag atg gga cac ate caa tat gac atg gca tat gcc agg caa 1269 
His His Glu Met Gly His He Gin Tyr Asp Met Ala Tyr Ala Arg Gin 
375 380 385 

cct ttc ctg eta aga aac gga gcc aat gaa ggg ttc cat gaa get gtt 1317 

Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe His Glu Ala Val 
390 395 400 



WO00n0032 
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gga gaa ate atg tea ctt tct gca get acc ccc aag cat ctg aaa tec 
Gly Glu He Met Sen Leu Sen Ala Ala Thr Pro Lys His Leu Lys Ser 
405 410 415 420 

att ggt ctt ctg cca tec gat ttt caa gaa gat age gaa aca gag ata 
He Gly Leu Leu Pro Ser Asp Phe Gin Glu Asp Ser Glu Thr Glu He 
42^; 430 435 

aac ttc eta ctg aaa cag gca ttg aca att gtt gga aca eta ccg ttt 
Asn Phe Leu Leu Lys Gin Ala Leu Thr He Val Gly Thr Leu Pro Phe 
440 445 450 

act tac atg tta gag aag tgg agg tgg atg gtc ttt egg ggt gaa att. 
Thr Tyr Met Leu Glu L^s Trp Arg Trp Met Val Phe Arg Gly Glu He 
455 460 465 

ccc aaa gag cag tgg atg aaa aag tgg tgg gag atg aag egg gag ate 
Pro Lys Glu Gin Trp Met Lys Lys Trp Trp Glu Met Lys Arg Glu He 
470 . . 475 . , 480 

gtt ggt gtg gtg gag ect ctg cct cat gat gaa aca tac tgt gac cet 
-^VaT Gly Val Val Glu Pro Leu Pro'His Asp" Glu Thr*Ty^^^^^ "Pro ' 
485 490 495 500 

gca tct ctg ttc cat gtt tct aat gat tac tea ttc att ega tat tac 
Ala Ser Leu Phe Hi^ Val Ser Asn Asp Tyr Ser Phe He Arg Tyr Tyr 
505 510 515 

aca agg acc att tac caa ttc cag ttt caa gaa get ctt tgt caa gca 
Thr Arg Thr He Tyr Gin Phe Gin Phe Gin Glu Ala Leu Cys Gin Ala 
520 525 530 

get aag tat aat ggt tct ctg cac aaa tgt gac ate tea aat tec act 
Ala Lys Tyr Asn Gly Ser Leu His Lys Cys Asp He Ser Asn Ser Ihr 
535 540 545 

gaa get ggg cag aag ttg etc aag atg ctg agt ctt gga aat tea gag 
Glu Ala Gly Gin Lys Leu Leu Lys Met Leu Ser Leu Gly Asn Ser Glu 
550 555 560 

ccc tgg acc aaa gee ttg gaa aat gtg gta gga gca agg aat atg gat 

Pro Trp Thr Lys Ala Leu Glu Asn Val Val Gly Ala Arg Asn Met Asp 
565 570 575 580 
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gta aaa cca ctg etc aat tac ttc caa ccg ttg ttt gac tgg ctg aaa 1893 
Val Lys Pro Leu Leu Asn Tyr Phe Gin Pro Leu Phe Asp Trp Leu Lys 
585 590 595 

gag cag aac aga aat tct ttt gtg ggg tgg aac act gaa tgg age cca 1941 
Glu Gin Asn Arg Asn Ser Phe Val Gly Trp Asn Thr Glu Trp Ser Pro 
600 605 610 

tat gcc gac caa age att aaa gtg agg ata age eta aaa tea get ett 1989 
Tyr Ala Asp Gin Ser He Lys Val Arg He Ser Leu Lys Ser Ala Leu 
615 620 625 

, gga get aat gea t&t gaa tgg ace aac. aac gaa atg ttc ctg ttc cga 2037 ; : - - v-^.- 

Gly Ala Asn Ala Tyr Glu Trp Thr Asn Asn Glu Met Phe. Leu Phe Arg . 

630 635 640 

tea tct gtt gea tat gee atg aga aag tat ttt tea ata ate aaa aac 2085 
Ser Ser Val Ala Tyr Ala Met Arg Lys Tyr Phe Ser He He Lys Asn 

cag aca gtt cet ttt eta gag gaa gat gta cga gtg age gat ttg aaa 2133 ^ 
Pro Phe Leii gTi/ Gld MrVarAr^'^^Var Ser Tii^p't^^^^ 
- ■665 '-670-. ■ 675 

cca aga gtc tec ttc tac ttc ttt gtc ace tea ccc caa aat gtg tct 2181 
Pro Arg Val Ser Phe Tyr Phe Phe Val Thr Ser Pro Gin Asn Val Ser 
680 6K 690 



gat gtc att cct aga agt gaa gtt gaa gat gcc ate agg atg tct egg 2229 
Asp Val He Pro Arg Ser Glu Val Glu Asp Ala He Arg Met Ser Arg 
695 700 705 

ggc cgc ate aat gat gtc ttt ggc ctg aat gat aac age ctg gag ttt 2277 
Gly Arg He Asn Asp Val Phe Gly Leu Asn Asp Asn Ser Leu Glu Phe 
710 715 720 

ctg ggg att cac cca aca ctt gag cca cct tac cag cct cet gtc ace 2325 
Leu Gly He His Pro Thr Leu Glu Pro Pro Tyr Gin Pro Pro Val Thr 
725 730 735 740 

ata tgg ctg att att ttt ggt gtt gtg atg gea ctg gta gtg gtt ggc 2373 

He Trp Leu He He Phe Gly Val Val Met Ala Leu Val Val Val Gly 
745 750 755 
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ate ate ate ctg att gtc act ggg ate aaa ggt cga aag aag aaa aat 
He He He Leu He Val Thr Gly He l^s Gly Arg Lys Lys Lys Asn 
760 765 770 

gaa aea aaa aga gaa gag aac cct tat gac teg atg gae att gga aaa 
Glu Thr Lys Arg Glu Glu Asn Pro Tyr Asp Ser Met Asp He Gly Lys 
775 780 785 

gga gaa age aat gca gga ttc caa aac agt gat gat get eag act tec 
Gly Glu Ser Asn Ala Gly Phe Gin Asn Ser Asp Asp Ala Gin Thr Ser 
790 795 800 

ttt tagcaaagca cttgtcatct tcctgtatgt aaatgctaac ttcatagtac 

■ ■ ■ ^.,p^g ^, ...... ......... ■ . ■ - 

acaaaatatg agagtataca catgtcatta gctatcaaaa etatgatctg ttcagtaaac 
gttgtcca 

<211> 805 

, ■ ■ . . .... •...:.-.^.^^,:.,<213> Mouse ..- - .^^>v.,--;-.-.*/,^'y,^^,i. 



<400> 6 



Met 


Ser 


Ser Ser Ser 


Trp 


Leu 


Leu 


Leu Ser 


Leu 


Val 


Ala 


Val Thr 


Thr 


1 




5 








10 








15 




Ala 


Gin 


Ser Leu Thr 


Glu 


Glu 


Asn 


Ala Lys 


Thr 


Phe 


Leu 


Asn Asn 


Phe 






20 








25 








30 




Asn 


Gin 


Glu Ala Glu 


Asp 


Leu 


Ser 


Tyr Gin 


Ser 


Ser 


Leu 


Ala Ser 


Trp 






35 






40 








45 




Asn 


Tyr 


Asn Thr Asn 


He 


Thr 


Glu 


Glu Asn 


Ala 


Gin 


Lys 


Met Ser 


Glu 




50 






55 








60 






Ala 


Ala 


Ala lys Trp 


Ser 


Ala 


Phe 


Tyr Glu 


Glu 


Gin 


Ser 


Lys Thr 


Ala 


65 






70 








75 








80 


Gin 


Ser 


Phe Ser Leu 


Gin 


Glu 


He 


Gin Thr 


Pro 


He 


He 


Lys Arg 


G1n 






85 








90 








95 




Leu 


Gin 


Ala Leu Gin 


Gin 


Ser 


Gly 


Ser Ser 


Ala 


Leu 


Ser 


Ala Asp 


Lys 






100 








105 








110 


Asn 


Lys 


Gin Leu Asn 


Thr 


He 


Leu 


Asn Thr 


Met 


Ser 


Thr 


He Tyr 


Ser 






115 






120 








125 




Thr 


Gly 


Lys Val Cys 


Asn 


Pro 


Lys 


Asn Pro 


Gin 


Glu 


Cys 


Leu Leu 


Leu 




130 






135 








140 






Glu 


Pro 


Gly Leu Asp 


Glu 


He 


Met 


Ala Thr 


Ser 


Thr 


Asp 


Tyr Asn 


Ser 



2421 

2469 

2517 

2570 

2630 
2638 
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145 150 155 160 

Arg Leu Trp Ala Trp Glu Gly Trp Arg Ala 61 u Val Gly Lys Gin Leu 

165 170 175 

Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg 

180 185 190 

Ala Asn Asn Tyr Asm Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu 

195 200 205 

Ala Glu Gly Ala Asp Gly Tyr Asn Tyr Asn Arg Asn Gin Leu He Glu 

210 215 220 

Asp Val Glu Arg Thr Phe Ala Glu He Lys Pro Leu Tyr Glu His Leu 
225 230 235 240 

His Ala Tyr Val Arg Arg Lys Leu Met Asp Thr Tyr Pro Ser Tyr He 

245 250 255 

Ser Pro Thr Gly Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly 

260 265 " 270 v . . . , - - : 

Arg Phe Trp Thr Asn Leu Tyr Pro Leu Thr Val Pro Phe Ala Gin Lys 

275 280 285 

Pro Asn He Asp Val Thr Asp Ala Met Met Asn Gin Gly Trp Asp Ala 

... . 290 295 .300 ,. .... 

Glu Arg lie Phe Gin Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu . 
305 310 315 320 

^'**«»*««**»'Pro His Met Thr Gin Gly Phe Trp Ala Asn Ser Met Leu Thr Glu Pro *^'-'''**»^^<*^'^^^ 

325 ' 330 335 

Ala Asp Gly Arg Ly^ Val Val Cys His Pro Thr Ala Trp Asp Leu Gly 

340 345 350 

His Gly Asp Phe Arg He Lys Met Cys Thr Lys Val Thr Met Asp Asn 

355 360 365 

Phe Leu Thr Ala His His Glu Met Gly His He Gin Tyr Asp Met Ala 

370 375 380 

Tyr Ala Arg Gin Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe 
385 390 395 400 

His Glu Ala Val Gly Glu He Met Ser Leu Ser Ala Ala Thr Pro Lys 

405 410 415 

His Leu Lys Ser He Gly Leu Leu Pro Ser Asp Phe Gin Glu Asp Ser 

420 425 430 

Glu Thr Glu He Asn Phe Leu Leu Lys Gin Ala Leu Thr He Val Gly 

435 440 445 

Thr Leu Pro Phe Thr Tyr Met Leu Glu Lys Trp Arg Trp Met Val Phe 

450 455 460 

Arg Gly Glu He Pro Lys Glu Gin Trp Met Lys Lys Trp Trp Glu Met 
465 470 475 480 

Lys Arg Glu He Va: Gly Val Val Glu Pro Leu Pro His Asp Glu Thr 

485 490 495 

Tyr Cys Asp Pro Ala Ser Leu Phe His Val Ser Asn Asp Tyr Ser Phe 
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500 505 510 

He Arg Tyr Tyr Thr Arg Thr He Tyr Gin Phe Gin Phe Gin Glu Ala 

515 520 525 

Leu Cys Gin Ala Ala Uys Tyr Asn Gly Sen Leu His Lys Cys Asp He 

530 535 540 

Ser Asn Ser Thr Glu Ala Gly Gin Lys Leu Leu Lys Met Leu Ser Leu 
545 550 555 560 

Gly Asn Ser Glu Pro Trp Thr Lys Ala Leu Glu Asn Val Val Gly Ala 

565 570 575 

Arg Asn Met Asp Val Lys Pro Leu Leu Asn Tyr Phe Gin Pro Leu Phe 

580 585 590 

Asp Trp Leu Lys Glu Gin Asn Arg Asn Ser Phe Val Gly Trp Asn Thr 

595 600 605 

Glu Trp Ser Pro Tyr Ala Asp Gin Ser lie Lys Val Arg He Ser Leu - . . - , 

610 615 620 

Lys Ser Ala Leu Gly Ala Asn Ala Tyr Glu Trp Thr Asn Asn Glu Met 
625 630 635 640 

Phe Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Lys Tyr Phe Ser 

645 w,.,^...„.650 . 655 ■•• ^ • . : . .. 

He He Lys Asn Gin Thr Val Pro Phe Leu Glu Glu Asp Val Arg Val 
660 665 670 

- ...>^*^.,^..;.5g^.^p Lys Pro Arg'Val SeFPhrTyrPhr Ph^ Val 'Thr^S^r Pro "^^^^^^^ 

675 680 685 

Gin Asn Val Ser Asp Val He Pro Arg Ser Glu Val Glu Asp Ala He 

690 695 700 

Arg Met Ser Arg Gly Arg He Asn Asp Val Phe Gly Leu Asn Asp Asn 
705 710 715 720 

. Ser Leu Glu Phe Leu Gly He His Pro Thr Leu Glu Pro Pro Tyr Gin 
725 730 735 

Pro Pro Val Thr He Trp Leu He He Phe Gly Val Val Met Ala Leu 

740 745 750 

Val Val Val Gly He He He Leu He Val Thr Gly He Lys Gly Arg 

755 760 765 

Lys Lys Lys Asn Glu Thr Lys Arg Glu Glu Asn Pro Tyr Asp Ser Met 

770 775 780 

Asp He Gly Lys Gly Glu Ser Asn Ala Gly Phe Gin Asn Ser Asp Asp 
785 790 795 800 

Ala Gin Thr Ser Phe 
805 

<210> 7 
<211> 2415 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> This degenerate sequence encodes the amino acid 
sequence of SEQ ID N0:6. 

<221> misc^feature 
<222> (1)...(2415) 
<223> n - A.T.C or G 

<400> 7 

atgwsnwsnw snwsntggyt nytnytnwsn ytngtngcng tnacnacngc ncarwsnytn 60 

acngargara aygcnaarac nttyytnaay aayttyaayc argargcnga rgayytnwsn 120 

taycarwsnw snytngcnws ntggaaytay aayacnaaya thacngarga raaygcncar 180 

aaratgwsng argcngcngc naartggwsn gcnttytayg argarcarws naaracngcn 240 

carwsnttyw snytncarga rathcaracn ccnathatha armgncaryt ncargcnytn 300 

carcarwsng gnwsnwsngc nytnwsngcn gayaaraaya arcarytnaa yacnathytn 360 

aayacnatgw snacnatnta ywsnacnggn aargtntgya ayccnaaraa yccncargar , 420 

tgyytnytny tngarccngg nytngaygar athatggcna cnwsnacnga ytayaaywsn 480 

rognytntggg cntgggargg ntggmgngcn gargtnggna arcarytnmg nccnytntay 540 

gargartayg tngtnytnaa raaygaratg gcnmgngcna ayaaytayaa ygaytayggn 600 

gaytaytggm gnggngayta ygargcngar ggngcngayg gntayaayta yaaymgnaay 660 

carytnathg argaygtnga rmgnacntty gcngaratha arccnytnta ygarcayytn 720 

. ^^^^^^r^m^^'^cayga^^ tnmgnmgnaa rytnatggay acntayccnw sntayathws nccnacnggn^*^ 780 

tgyytnccng cncayytnyt nggngayatg tggggnmgnt tytggacnaa yytntayccn 840 

ytnacngtnc cnttygcnca raarccnaay athgaygtna cngaygcnat gatgaaycar 900 

ggntgggayg cngarmgnat httycargar gcngaraart tyttygtnws ngtnggnytn 960 

ccncayatga cncarggntt ytgggcnaay wsnatgytna cngarccngc ngayggnmgn 1020 

aargtngtnt gycayccnac ngcntgggay ytnggncayg gngayttymg nathaaratg 1080 

tgyacnaarg tnacnatgga yaayttyytn acngcncayc aygaratggg ncayathcar 1140 

taygayatgg cntaygcnrng ncarccntty ytnytnmgna ayggngcnaa ygarggntty 1200 

caygargcng tnggngarat hatgwsnytn wsngcngcna cnccnaarca yytnaarwsn 1260 

athggnytny tnccnwsnga yttycargar gaywsngara cngarathaa yttyytnytn 1320 

aarcargcny tnacnathgt nggnacnytn ccnttyacnt ayatgytnga raartggmgn 1380 

tggatggtnt tymgnggnga rathccnaar garcartgga tgaaraartg gtgggaratg 1440 

aarmgngara thgtnggngt ngtngarccn ytnccncayg aygaracnta ytgygayccn 1500 

gcnwsnytnt tycaygtnws naaygaytay wsnttyathm gntaytayac ningnacnath 1560 

taycarttyc arttycarga rgcnytntgy cargcngcna artayaaygg nwsnytncay 1620 

aartgygaya thwsnaayws nacngargcn ggncaraary tnytnaarat gytnwsr\ytn 1680 

ggnaaywsng arccntggac naargcnytn garaaygtng tnggngcnmg naayatggay 1740 

gtnaarccny tnytnaayta yttycarccn ytnttygayt ggytnaarga rcaraaymgn 1800 

aaywsnttyg tnggntggaa yacngartgg wsnccntayg cngaycarws nathaargtn 1860 

mgnathwsny tnaarwsngc nytnggngcn aaygcntayg artggacnaa yaaygaratg 1920 

ttyytnttym gnwsnwsngt ngcntaygcn atgmgnaart ayttywsnat hathaaraay 1980 

caracngtnc cnttyytnga rgargaygtn mgngtnwsng ayytnaarcc nmgngtnwsn 2040 

ttytayttyt tygtnacnws nccncaraay gtnwsngayg tnathccnmg nwsngargtn 2100 

gargaygcna thragnatgws nmgnggningn athaaygayg tnttyggnyt naaygayaay 2160 
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wsnytngart tyytnggnat hcayccnacn ytngarccnc cntaycarcc nccngtnacn 2220 

athtggytna thathttvqg ngtngtnatg gcnytngtng tngtnggnat hathathytn 2280 

athgtnacng gnathaaigg nmgnaaraar aaraaygara cnaarmgnga rgaraayccn 2340 

taygaywsna tggayathgg naarggngar wsnaaygcng gnttycaraa ywsngaygay 2400 

gcncaracnw sntty 2415 

<210> 8 
<211> 2638 
<212> DNA 
.<213> Mouse 

<220> 

<221> COS .... 
... <222> (106).. -(2520) 

<400> 8 

agtgcccaac ccaagttcaa aggctgatga gagagaaaaa ctcatgaaga gattttactc 60 
tagggaaagt tgctcagtgg atgggatctt ggcgcacggg gaaag atg tec age tec 117 

1 

tec tgg etc ett etc age ctt gtt get gtt act act get cag tee etc 165 
Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr Thr Ala Gin Ser Leu 
5 10 15 20 

acc gag gaa aat gee aag aca ttt tta aac aae ttt aat cag gag get 213 
Thr Glu Glu Asn Ala Lys Thr Phe Leu Asn Asn Phe Asn Gin Glu Ala 
25 30 35 

gaa gac etg tct tat eaa agt tea ett get tet tgg aat tat aat act 261 
Glu Asp Leu Ser Tyr Gin Ser Ser Leu Ala Ser Trp Asn Tyr Asn Thr 
40 45 50 

aac att act gaa gaa aat gee caa aag atg agt gag get gca gee aaa 309 
Asn He Thr Glu Glu Asn Ala Gin Lys Met Ser Glu Ala Ala Ala Lys 
55 60 65 

tgg tct gcc ttt tat gaa gaa cag tct aag act gcc caa agt ttc tea 357 
Trp Ser Ala Phe Tyr Glu Glu Gin Ser Lys Thr Ala Gin Ser Phe Ser 
70 75 80 

eta caa gaa ate cag act ccg ate ate aag cgt caa eta cag gee ctt 405 
Leu Gin Glu He Gin Thr Pro He He Lys Arg Gin Leu Gin Ala Leu 
85 90 95 100 
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cag caa agt ggg tct tea gca etc tea gea gac aag aac aaa cag ttg 453 
Gin Gin Ser Gly Ser Sen Ala Leu Ser Ala Asp Lys Asn Lys Gin Leu 
105 110 115 

aac aca att ctg aac acc atg age ace att tac agt act gga aaa gtt 501 
Asn Thr He Leu Asn Thr Met Ser Thr He Tyr Ser Thr Gly Lys Val 
120 125 130 

tgc aac cea agg aac cca caa gaa tgc tta tta ctt gag cca gga ttg 549 
Cys Asn Pro Arg Asn Pro Gin Glu Cys Leu Leu Leu Glu Pro Gly Leu 
135 140 145 

, gat gaa ata atg geg aca age aca gac tac aac tct agg etc tgg gca . . .597 
Asp Glu He Met Ala Thr Ser Thr Asp Tyr Asn Ser Arg Leu Trp Ala ■ 
150 155 " " 160 

tgg gag gge tgg agg get gag gtt gge aag cag ctg agg ccg ttg tat 645 
Trp Glu Gly Trp Arg Ala Glu Val Gly lys Gin Leu Arg Pro Leu Tyr 



gaa gag tat gtg gtc ctg aaa aac gag atg gea aga gca aac aat tat 693 
Glu' STu'Tyr^Val Val Leii Lys 'Asn Gl rMet W Arg TvirAsW /^ri tyi"' ^""'^^^ 
185 190 195 

aac gac tat ggg gat tat tgg aga ggg gac tat gaa gca gag gga gca 741 
Asn Asp Tyr Gly Asn Tyr Trp Arg Gly Asp Tyr Glu Ala Glu Gly Ala 
200 205 210 

gat gge tac aac tat aac cgt aac cag ttg att gaa gat gta gaa cgt 789 
Asp Gly Tyr Asn Tyr Asn Arg Asn Gin Leu He Glu Asp Val Glu Arg 
215 220 225 

acc ttc gca gag ate aag cea ttg tat gag cat ctt cat gee tat gtg 837 
Thr Phe Ala Glu He l^s Pro Leu Tyr Glu His Leu His Ala Tyr Val 
230 235 240 

agg agg aag ttg atg gat acc tac cet tec tac ate age cec act gga 885 
Arg Arg Lys Leu Met Asp Thr Tyr Pro Ser Tyr He Ser Pro Thr Gly 
245 250 255 260 

tgc etc cet gee cat ttg ctt ggt gat atg tgg ggt aga ttt tgg aca 933 

Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly Arg Phe Trp Thr 
265 270 275 
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aat ctg tac cct ttg act gtt ccc ttt gca cag aaa cca aac ata gat 981 
Asn Leu Tyr Pro Leu Thr Val Pro Phe Ala Gin Lys Pro Asn He Asp 
280 285 ' 290 

gtt act gat gca atg atg aat cag ggc tgg gat gca gaa agg ata ttt 1029 
Val Thr Asp Ala Met Met Asn Gin Gly Trp Asp Ala Glu Arg He Phe 
295 300 305 

caa gag gca gag aaa ttc ttt gtt tct gtt ggc ctt cct cat atg act 1077 
Gin Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu Pro His Met Thr 
310 315 320 

caa gga ttc tgg gc^- aac tct atg ctg act gag cca gca gat ggc egg -.1125 — 
Gin Gly Phe Trp Ala Asn Ser Met Leu Thr Glu Pro Ala Asp Gly Arg 
325 330 335 340 

aaa gtt gtc tgc cac ccc aca get tgg gat ctg gga cac gga gac ttc 1173 
Lys Val Val Cys His Pro Thr Ala Trp Asp Leu Gly His Gly Asp Phe 

ft *345 ■ • - ■ • - 350 -^=--^^355 -i-v.^;:^ ■■ - mr- 



^3ga ate aag atg tgt aca aag gtc aca atg gac aac ttc ttg aca gee 1221 , ^ . ^ 

Arg ne Lys Met Cys Thr Lys Val Thr Met Asp Asn Phe Leu Thr Ala i w-n ^ 

360 365 370 

eat cac gag atg gga cac ate caa tat gac atg gca tat gee agg caa 1269 
His His Glu Met Gly His He Gin Tyr Asp Met Ala Tyr Ala Arg Gin 
375 380 385 



cct 


ttc 


ctg eta 


aga 


aac gga gee aat 


gaa ggg ttc 


cat 


gaa 


get 


gtt 


1317 


Pro 


Phe 


Leu Leu 


Arg 


Asn Gly Ala Asn 


Glu Gly Phe 


His 


Glu 


Ala 


Val 






390 






395 


400 












gga 


gaa 


ate atg 


tea 


ctt tct gca get 


acc ccc aag 


cat 


ctg 


aaa 


tec 


1365 


Gly 


61 u 


He Met 


Ser 


Leu Ser Ala Ala 


Thr Pro Lys 


His 


Leu 


lys 


Ser 




405 








410 


415 






420 




att 


ggt 


ctt ctg 


cca 


tec gat ttt caa 


gaa gat age 


gaa 


aca 


gag 


ata 


1413 


He 


Gly 


Leu Leu 


Pro 


Ser Asp Phe Gin 


Glu Asp Ser 


Glu 


Thr 


Glu 


He 










425 




430 






435 






aac 


ttc 


eta ctg 


aaa 


cag gca ttg aca 


att gtt gga 


aca 


eta 


ceg 


ttt 


1461 


Asn 


Phe 


Leu Leu 


Lys 


Gin Ala Leu Thr 


He Val Gly 


Thr 


Leu 


Pro 


Phe 








440 




445 






450 
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act tac atg tta gay aag tgg agg tgg atg gtc ttt egg ggt gaa att 1509 
Thr Tyr Met Leu 61 u Lys Trp Arg Trp Met Val Phe Arg Gly Glu He 
455 460 465 

ccc aaa gag cag tgg atg aaa aag tgg tgg gag atg aag egg gag ate 1557 
Pro Lys Glu Gin Trp Met Lys Lys Trp Trp Glu Met Lys Arg Glu He 
470 475 480 

gtt ggt gtg gtg gag cct ctg cet cgt gat gaa aea tac tgt gac cct 1605 
Val Gly Val Val Glu Pro Leu Pro Arg Asp Glu Thr Tyr Cys Asp Pro 
485 490 495 500 

gca tct ctg tte cat gtt tct aat gat tac tea ttc att cga tat tac 1653 
Ala Ser Leu Phe His Veil Ser Asn Asp tyr Ser Phe lie Arg Tyr Tyr 
505 510 515 

aca agg acc att tac caa ttc cag ttt caa gaa get ctt tgt caa gca 1701 
Thr Arg Thr He Tyr Gin Phe Gin Phe Gin Glu Ala Leu Cys Gin Ala 

520 525 . . 530 



get aag tat aat ggt tct ctg cac aaa tgt gac ate tea aat tec act 1749 

:^^.\riL:j^^y.> aMb l^^ Gly Ser Leu His Lys Cys Asp He Ser Asn Ser Thr ■ 

535 540 545 

gaa get ggg cag aag ttg etc aag atg ctg agt ctt gga aat tea gag 1797 
Glu Ala Gly Gin Lys Leu Leu Lys Met Leu Ser Leu Gly Asn Ser Glu 
550 555 560 

ccc tgg acc gaa gee ttg gaa aat gtg gta gga gca agg aat atg gat 1845 
Pro Trp Thr Glu Ala Leu Glu Asn Val Val Gly Ala Arg Asn Met Asp 
565 570 575 580 

gta aaa cea ctg etc aat tac tte caa ccg ttg ttt gac tgg ctg aaa 1893 
Val Lys Pro Leu Leu Asn Tyr Phe Gin Pro Leu Phe Asp Trp Leu Lys 
585 590 595 

gag cag aac aga aat tct ttt gtg ggg tgg aac act gaa tgg age cea 1941 
Glu Gin Asn Arg Asr. Ser Phe Val Gly Trp Asn Thr Glu Trp Ser Pro 
600 605 610 

tat gee gac caa age att aaa gtg agg ata age eta aaa tea get ctt 1989 

Tyr Ala Asp Gin Ser He Lys Val Arg He Ser Leu Lys Ser Ala Leu 
615 620 625 
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gga get aat gca tat gaa tgg acc aac aac gaa atg ttc ctg ttc cga 2037 
Gly Ala Asn Ala Tyr 61 u Trp Thr Asn Asn Glu Met Phe Leu Phe Arg 
630 635 640 

tea tct gtt gca tat gcc atg aga aag tat tct tea ata ate aaa aae 2085 
Ser Ser Val Ala Ty - Ala Met Arg Lys Tyr Ser Ser He He Lys Asn 
645 650 655 660 

cag aea gtt eet ttt eta gag gaa gat gta cga gtg agt gat ttg aaa 2133 
Gin Thr Val Pro Phe Leu Glu Glu Asp Val Arg Val Ser Asp Leu Lys 
665 670 675 

cca aga gtc tec ttc tac ttc ttt gtc acc tea cec caa aat gtg tct 2181 
Pro Arg Val Ser Phe Tyr Phe Phe Val Thr Ser Pro Gin Asn Val Ser 
680 685 690 

gat gtc att cct aga agt gaa gtt gaa gat gee ate agg atg tet egg 2229 
Asp Val He Pro Arg Ser Glu Val Glu Asp Ala He Arg Met Ser Arg 
. 695 700 _ 705 



ggc cgc ate aat gat gtc ttt ggc ctg aat gat aac age ctg gag ttt 2277 
61y Arg He Asn Asp Val Phe Gly Leu Asn Asp Asn Ser Leu Glu Phe * ,«--,*«^^^ 

710 715 720 

ctg ggg att cac cca aca ctt gag cca cct tac cag cct cct gtc acc 2325 
Leu Gly He His Pro Thr Leu Glu Pro Pro Tyr Gin Pro Pro Val Thr 
725 730 735 740 

ata tgg ctg att att ttt ggt gtt gtg atg gca ctg gta gtg gtt ggc 2373 
He Trp Leu He He Phe Gly Val Val Met Ala Leu Val Val Val Gly 
745 750 755 

ate ate ate ctg att gtc act ggg ate aaa ggt cga aag aag aaa aat 2421 
He He He Leu He Val Thr Gly He Lys Gly Arg Lys Lys Lys Asn 
760 765 770 

gaa aea aaa aga gaa gag aae cct tat gac teg atg gae att gga aaa 2469 
Glu Thr Lys Arg Glu Glu Asn Pro Tyr Asp Ser Met Asp He Gly Lys 
775 780 785 

gga gaa age aat gca gga ttc caa aac agt gat gat get cag act tec 2517 

Gly Glu Ser Asn Al^ Gly Phe Gin Asn Ser Asp Asp Ala Gin Thr Ser 
790 795 800 
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ttt tagcaaagca cttgtcatct tcctgtatgt aaatgctaac ttcatagtac 2570 

Phe 

805 

acaaaatatg agagtataca catgtcatta gctatcaaaa ctatgatctg ttcagtaaac 2630 
gttgtcca 2638 

<210> 9 
<211> 805 
<212> PRT 
<213> Mouse 

<400> 9 

Met Ser Ser Ser Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr 7t»r • 
1 5 10 15 

Ala Gin Ser Leu Thr Glu Glu Asn Ala Lys Thr Phe Leu Asn Asn Phe 

20 25 30 

Asn Gin Glu Ala Glu Asp Leu Ser Tyr Gin Ser Ser Leu Ala Ser Trp 

35 40 45 

Asn Tyr Asn Thr Asn He Thr Glu Glu Asn Ala Gin Lys Met Ser Glu ' ' 

50 55 60 

• c Ala Ala Ala Lys Trp Ser Ala Phe Tyr .Glu Glu Gin Ser Lys Thr Ala • ^i:^!.^-.^**^./. ^,,^^,.-:^: v.-,^ 

65 70 75 80 

Gin Ser Phe Ser Leu Gin Glu He Gin Thr Pro He He Lys Arg Gin 

85 90 95 

Leu Gin Ala Leu Gin Gin Ser Gly Ser Ser Ala Leu Ser Ala Asp Lys 

100 105 110 

Asn Lys Gin Leu Asn Thr He Leu Asn Thr Met Ser Thr He Tyr Ser 

U5 120 125 

Thr Gly Lys Val Cys Asn Pro Arg Asn Pro Gin Glu Cys Leu Leu Leu 

130 135 140 

Glu Pro Gly Leu Asp Glu He Met Ala Thr Ser Thr Asp Tyr Asn Ser 
145 150 155 160 

Arg Leu Trp Ala Trp Glu Gly Trp Arg Ala Glu Val Gly Lys Gin Leu 

165 170 175 

Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg 

180 185 190 

Ala Asn Asn Tyr Asn Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu 

195 200 205 

Ala Glu Gly Ala Asp Gly Tyr Asn Tyr Asn Arg Asn Gin Leu He Glu 
210 215 220 

Asp Val Glu Arg Thr Phe Ala Glu He Lys Pro Leu Tyr Glu His Leu 
225 230 235 240 

His Ala Tyr Val Arg Arg Lys Leu Met Asp Thr Tyr Pro Ser Tyr He 
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245 

Ser Pro Thr Gly Cys Leu Pro Ala His 
260 265 
Arg Phe Trp Thr Asn Leu Tyr Pro Leu 

275 280 
Pro Asn He Asp Val Thr Asp Ala Met 

290 295 
Glu Arg He Phe Gin Glu Ala Glu Lys 
305 310 
Pro His Met Thr Gin Gly Phe Trp Ala 
325 

Ala Asp Gly Arg Lys Val Val Cys His 
340 345 
His Gly Asp Phe Arg He Lys Met Cys 

355 360 
Phe Leu Thr Ala His His Glu Met Gly 

370 375 
Tyr Ala Arg Gin Pro Phe Leu Leu Arg 
385 390 
His Glu Ala Val Gly Glu He Met Ser 
405 

rHis Leu Lys Ser He Gly Leu Leu Pro 
420 425 
Glu Thr Glu He Asn Phe Leu Leu Lys 

435 440 
Thr Leu Pro Phe Thr Tyr Met Leu Glu 

450 455 
Arg Gly Glu He Pro Lys Glu Gin Trp 
465 470 
Lys Arg Glu He Val Gly Val Val Glu 
485 

Tyr Cys Asp Pro Ala Ser Leu Phe His 
500 505 
He Arg Tyr Tyr Thr Arg Thr He Tyr 

515 520 
Leu Cys Gin Ala Ala Lys Tyr Asn Gly 

530 535 
Ser Asn Ser Thr Glu Ala Gly Gin Lys 
545 550 
Gly Asn Ser Glu Pro Trp Thr Glu Ala 
565 



OCA 




255 


Leu Leu 


faly 


Asp Met Irp Gly 






OTA 

2/0 


Thr Val 


Pro 


Phe Ala Gm Lys 






OOC 


Met Asn 


Gin 


Gly Trp Asp Ala 




OAA 

300 




Phe Phe 


Val 


Ser Val Gly Leu 


315 




OOA 

320 


Asn Ser 


Met 


Leu Thr Glu Pro 


330 




OOC" 

335 


Pro Thr 


AT-. 

Ala 


Trp Asp Leu Gly 






350 


Thr Lys 


Val 


Thr Met Asp Asn 






365 


His He 


Gin 


Tyr Asp Met Ala 




OA/1 

380 




Asn Gly 


Ala 


Asn Glu Gly Phe 


395 




400 


Leu Ser 


Ala 


Ala Thr Pro Lys 


At A 

410 




Ate 

415 


Ser Asp 


Phe 


Gin Glu Asp Ser 






430 


Gin Ala 


Leu 


Thr He Val Gly 






445 


Lys Trp 


A 

Arg 


Trp Met Val Phe 




460 




Met Lys 


Lys 


Trp Trp Glu Met 


4/5 




480 


Pro Leu 


Pro 


Arg Asp Glu Thr 


490 




495 


Val Ser 


A 

Asn 


Asp Tyr Ser Phe 






CIA 

510 


Gin Phe 


Gin 


Phe Gin Glu Ala 






525 


Ser Leu 


His 


Lys Cys Asp He 




540 




Leu Leu 


Lys 


Met Leu Ser Leu 


555 




560 


Leu Glu 


Asn 


Val Val Gly Ala 


570 




575 



Arg Asn Met Asp Val Lys Pro Leu Leu Asn Tyr Phe Gin Pro Leu Phe 

580 585 590 

Asp Trp Leu Lys Glu Gin Asn Arg Asn Ser Phe Val Gly Trp Asn Thr 
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595 600 605 

Glu Trp Ser Pro Tyr Ala Asp Gin Ser He Lys Val Arg He Ser Leu 

610 615 620 

Lys Ser Ala Leu Gly Ala Asn Ala Tyr Glu Trp Thr Asn Asn Glu Met 
625 630 635 640 

Phe Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Lys Tyr Ser Ser 

645 650 655 

He He Lys Asn Gin Thr Val Pro Phe Leu Glu Glu Asp Val Arg Val 

660 665 670 

Ser Asp Leu Lys Pro Arg Val Ser Phe Tyr Phe Phe Val Thr Ser Pro 

675 680 685 

Gin Asn Val Ser Asp Val He Pro Arg Ser Glu Val Glu Asp Ala He 

. 690 . 695^ . .. . . \ 

Arg Met Ser Arg Gly Arg He Asn Asp Val Phe Gly Leu Asn Asp Asn 
705 710 715 720 

Ser Leu Glu Phe Leu Gly He His Pro Thr Leu Glu Pro Pro Tyr Gin ^ 

725 730 735 

Pro Pro Val Thr He Trp Leu He He Phe Gly Val Val Met Ala Leu 

740 . . ,.:„.. -...J45 . .-^.,.750 - .-.v-s^:-.,:.^..^.,..,.....,^-.,-;^ 

Val Val Val Gly He He He Leu He Val Thr Gly He Lys Gly Arg 
755 760 765 

'^^^^^tys tys 'Lys Ash Glu Thr Lysl^^^^^ 

770 775 780 

Asp He Gly Lys Glv Glu Ser Asn Ala Gly Phe Gin Asn Ser Asp Asp - . 

785 790 795 800 

Ala Gin Thr Ser Phe 
805 

<210> ID 

<211> 25 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> PGR primer. 
. <400> 10 

gactccgatc atcaagcgtc aacta 25 

<210> 11 

<211> 20 
<212> DNA 

<213> Artifi. ial Sequence 



<220> 
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<223> PCR primer. 
<400> 11 

ggcagggagg catccagtgg 20 
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